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SUMMARY 
Regardless of the rather widespread development of feeding 
standards for fattening swine, there was in 1910 a manifest need 
for a more simple and effective method for practical field and 
feedlot feeding. This need stimulated the development of the 
free-choice system or standards of feeding, with or without modi-
fication, and also the perfection of the self-feeding practice. In 
this development emphasis was placed on capitalizing the appe-
tite and feeding habits of swine, inasmuch as the appetite was 
found in controlled experiments to be a fairly accurate and r e-
liable guide under most conditions of successful feeding. 
Early isolated experiments, 1776 to 1910, with self-feeding and 
free-choice swine feeding had failed to establish any trustworthy 
principles of far reaching importance in the development of a 
better practice, all being of too short duration and not broadly 
enough organized and executed to catch the new vision. Later, 
after the significant researches at the Iowa Agricultural Experi-
ment Station on free-choice and self feeding methods were well 
under way and had been widely published, a new era in pig 
feeding practice was established, not only in this country but 
abroad. 
The practicability of these new methods of feeding has been 
thoroly proven in literally hundreds of controlled experiments 
here and in other countries. 
DEVELOPMENT OF FEEDING STANDARDS 
The first feeding standards for livestock were suggested by 
Grouven in 1859, altho Thaer in 1810 had developed the hay 
equivalents for expressing relative values of feeds. The Wolff 
standards of 1864 marked a new epoch in scientific swine and 
livestock feeding practice. These standards, introduced into 
America by Atwater in 1874 were later emphasized by Armsby 
and also by Johnson in 1880. Lehmann, from 1897 to 1906, sug-
gested certain changes in the Wolff standards. These were com-
bined in the now widely known Wolff-Lehmann standards. Kell-
ner, in 1906, suggested a standard for growing and fattening 
pigs, basing it on true protein and starch value equivalent. 
Dietrich, in 1910, introduced his standards, emphasizing the 
elimination of the so-called protein waste factor, and adding a 
water requirement. Armsby, in 1917, made certain suggestions 
of value from the net energy standpoint, and Morrison, 1922, 
published a modified ,Volff-Lehmann standard, emphasizing a 
range in nutrient requirements. 
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DEllELOPMENT OF THE NEW FEEDING STANDARDS 
Direct experimental comparisons were made in determining 
the relative efficiency of the free-choice system or standard versus 
the Wolff-Lehmann, tho Kellner and the Dietrich standards in 
the fattening of young swine. Emphasis was placed in the in-
terpretation of results on a wide appreciation of the many factors 
involved in judging feeding standard efficiency. These factors 
are: practicability, health, rapidity of gain, feed requirement per 
unit increase, growth, quality of production, feed consumption 
and longevity. 
The primary object of the experiments was to develop better, 
more practical methods for the feeding of young fattening swine. 
In general the experiments show that: 
1. The free-choice system or standard of feeding is quite ef-
ficient when properly executed, clearly excelling in these investi-
gations the Wolff-Lehmann, Kellner and Dietrich standards. 
2. Intelligent modification of the free-choice system is, in 
most cases, essential to the most successful practice. 
3. Free-choice and self-feeding, properly combined, augment-
ed the feed consumption, increased the gains, stimulated the 
growth, promoted health and encouraged quality production; 
likewise, the practicability of the methods introduced were 
proved. 
4. Swine of different conformation, feeding ability, butcher 
type and carcass quality have different requirements for nutri-
ents. Hence the free-choice or modified free choice method of 
self-feeding' is indicated as desirable for the greater utilization 
of the feed supplied under full-feeding conditions. The new 
suggested standard is to be used as a general control or guide in 
the carrying out of the free-choice self-feeding standard method. 
5. A more simple and practical feeding standard, combined 
with the proper methods of feeding, may well be introduced. 
THE NEW STANDARDS FOR FATTENING YOUNG 
SWINE 
The new standard for the feeding of low fiber, high energy 
containing feeds, encourages modified or straight free-choice and 
efficient self-feeding (when full-feeding is in order). The new 
standard, which is ' to be considered as a general basic guide to 
nutrient requirements, controls or checks the self-feeding and 
free-choice feeding. 
The requirements of the standard are based on pounds daily 
of crude protei.n and fiberless carbohydrate equivalent per unit 
of live weight. Water is always to be allowed free-choice style. 
In simplified feed lot practice, emphasis should be placed on 
the percentage of crude protein in the full-fed ration. In the 
great proportion of rations which are full-fed, one of the most 
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important considerations is to have sufficient protein in each 
hundred pounds of the ration for pigs of any specific weight. 
Considerable variation in the nutrients per unit of weight are 
to be expected. These are dependent on the type of hog, hi:; 
capacity for feed and increase, conformation and quality of the 
specific pork production. 
The standard procedure also places emphasis on (a) the full-
feeding of low fibered, high net energy-carrying feeds, except 
certain economical carriers of vitamins and minerals; (b) the 
use of an adequate mineral mixture; (c) sufficient specific vita-
mins; (d) palatability, sometimes accomplished by depending 
upon selected variety; and (e) nutritively adequate proteins. 
It is manifestly impossible to accurately make absolutely defi-
nite and specific 8tandard requirements for all of the essentials 
involved in the optimum fattening of young swine; the judg-
ment and executive ability of the feeder must, as the feeding 
period progresses, be continually exercised in efficient fashion 
in order to approach the maximum in results. 
A New Feeding Method and Standards for 
Fattening Young Swine 
By JOlIN MARCUS EVVARD* 
DEVELOPMENT OF FEEDING PRAOTIOES 
An important animal husbandry problem in recent decades 
has been that of feeding swine efficiently. Swine breeders, grow-
ers and feeders have needed a better system of feeding suitable 
for developing breeding swine and for fattening young growing 
swine. Since the Wolff feeding standards were first introduced 
into America in the late '70 's and early '80 's much emphasis 
has been placed upon the teaching of these standards, yet in 
practice they have been used rather sparingly. 
Altho V\T olff and others who followed him have contributed 
much to our knowledge of better feeding, yet few livestock feed-
ers, swine raisers especially, have used the various standards. 
Feeding practices have largely been empirical, being mainly 
worked out from neighborhood practices. Successful methods 
of feeding have been handed down from father to son. Many 
of these feeding methods were in accordance with the general 
requirements of the feeding standards, but the feeders -were un-
aware of it. In later years, workers in the agricultural colleges 
and experiment stations have had considerable influence in 
modifying feeding practices-but even these changes in farm 
feeding procedure, in practically all cases, have required little 
or no computation of the amount of specific nutrients such as 
protein and carbohydrates to be fed . 
DAIRYMEN PROGRESSIVE IN DEVELOPING 
FEEDING STANDARDS 
The dairymen, of all livestock producers, ' have used feeding 
standards most, largely because emphasis has been placed upon 
the individual in dairy cow feeding. The producing cow has 
furnished a convenient unit for feeding and study. She has been 
fed individually, her milk yield has been known daily, and, there-
fore, the conditions have been right for developing correlations 
* ACKNOWLEDGMENTS. The author is deeply indebted to C. C. Culbertson for 
his unstinted cooperation and to 'Y. G. Gaessler and J. A. Schulz for invaluable 
assi'5tance in 1he chem ical phases of the work. 
Acknowledgment is hereby mnde to Dr. F. A. Hays for certain chemical work and 
also for suggestion s in the studies involving dimensional growth; to George E. Hunt, 
fellow in an imal husbandry 1926-27, who collaborated in the fiber experiments, and 
to Hugo 'V. Nilson. who cooperated in the preparation of the final drafts of the 
manuscript. 
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between feeding methods and yield of milk and butterfat. As 
a result, more investigations have been conducted dealing with 
the proper development of feeding standards for dairy cattle 
than for beef cattle, sheep, horses and swine. 
A BET1'ER SWINE FEEDING METHOD NEEDED 
OLD FEEDING STANDARDS DIFFICUUl' IN OPERATION 
Next to feeding standards for dairy cattle those for swine have 
received most attention, and a number of investigators have con-
tributed to the development of porcine feeding standards. It 
has been more difficult to develop feeding standards for swine 
than for dairy cattle, because swine are fed largely in droves. 
In spite of the rather extensive development of feeding stand-
ards for swine up to 1910, a real need still existed during the 
following decade for more simple and more efficient methods of 
swine feeding. Altho the standards in early use were under-
standable to the scholar, practical feeders considered them quite 
complicated. To use these standards as a guide, one had to con-
sider the age and weight of the animal, also the chemical com-
position, digestibility coefficients and digestible nutrients of each 
feed. In addition to gathering· this array of data, one had to 
compute the necessary allowance of dry matter, digestible pro-
tein, nitrogen-free extract, fiber and fat per 100 pounds of live 
weight, and the total pounds needed for the group on feed. Be-
cause of the meticulous details which are involved in using the 
feeding standards, relatively few producers are actually using 
them in every day practice. They have been interested in the 
seeking of more simple methods for efficient feeding. 
NECESSITY FOR CONSIDERING THE NEWER KNOWLEDGE 
OF NUTRITION 
It must be emphasized that our nutritional knowledge until 
about 1915 included little or no information regarding some of 
the accessory food substances which have since been found ab-
solutely essential. Our knowledge of vitamins, of the role of 
minerals, and of the practical importance of iodine, iron and 
copper has been developed largely since 1915. 
Nevertheless, swinemen generally had learned that it was worth 
while to keep a good mineral mixture continuously before swine. 
It has been a fairly common practice among hog raisers to use 
mixtures containing such materials as wood ashes, lime, bone 
meal, cob charcoal, sulfur, salt, limestone, rock phosphate and 
others. However, the outstanding mineral favorites thruout the 
corn belt were lime, salt, wood ashes and sulfur. Green feed, 
alfalfa especially, was appreciated, as also was the value of the 
milk by-products. Empirically, therefore, swinemen generally 
had largely learned to secure the advantage of vitamin and 
mineral feeding without knowing that they were really feeding 
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such specific materials as vitamins A, B, or D and the so-called 
"mineral elements" such as calcium, phosphorus, sodium, 
chlorine, iron, manganese and others. 
The feeding standards which consider only dry matter, pro-
tein, carbohydrates and fat are really fragmentary guides, and 
many a feeder has fOlmd to his disappointment that rations made 
up according to the feeding standards often did not work out 
satisfactorily. On the other hand, ordinary rations, as em-
pirically determined, gave much better results. Many feeders 
took the feeding standards too seriously, and a multitude 6f the 
early users regarded them as more accurate and trustworthy 
guides than was warranted. As a result the feeding standards 
were often cast into disrepute simply because too much was ex-
pected of them. 
THE FUNDAMENTAL REQUIREMENTS OF A 
"FEEDING STANDARD 
SIMPLICITY OF OPERATION IS ESSENTIAL 
The big problem, then, in the early years of the second decade 
when we started to develop a feeding standard for fattening 
young swine, was to devise a simple system of feeding: a guide 
that would work better in practice than the ordinary methods 
in vogue; a method that would make it unnecessary to estimate 
or to determine, accurately, ages and weights and which would 
eliminate the somewhat burdensome details and calculations in-
volved in using the ordinary feeding standards. In short, a sys-
tem was needed that would appeal to the economic and executive 
sense of the rank and file of producers. We therefore sought such 
a system of swine feeding. 
The author's first inspiration came in 1906 when William 
Dietrich of the University of Illinois endeavored to drill into the 
r esisting heads of his students, of whom the author was one, the 
knowledge which he had derived from years of study, concerning 
better feeding standards for pigs. The writer was inspired at 
that time to seek a more simple method, one which could be suc-
cessfully used in farm feeding practice. 
Not much more was done until 1910 when opportunity pre-
sented itself for thoro studies into the fundamentals of swine 
feeding at the Iowa Agricultural Experiment Station. The 
writer's first studies then involved systematic observations of the 
grazing and feed consuming habits of swine. 
APPETrrE STUDIES WITH PIGS ARE ESSENTIAL 
The process of reasoning formerly used in developing the 
feeding standards for swine was from laboratory to the pig, not 
from the pig to the proper ration. Of course the pig finally had 
to be consulted as to his likes or dislikes. Hence, methods of 
feeding and feeds which had proven successful in practice finally 
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determined the particular feeds which should be used in com-
pounding a ration that would meet the requirements of the 
standard. 
We noted early and often that when feed mixtures were of-
fered to young growing swine, the pigs would persistently at-
tempt to sort out one or another of the ingredients which ap-
pealed to their appetite. The then peculiar but specific "tell-
tale" observation was this: Pigs receiving a shelled corn and 
meat meal tankage mixture (mixed 10 to 1 by weight) in the 
earlier stages of fattening would search for a larger proportionate 
share of meat meal tankage, while in the later stages they rooted 
tankage from their troughs because it did not appeal to them. 
The opposite was the case with the shelled corn. When on other 
rations different ingredients similarly gained or lost in the pigs' 
favor as fattening progressed. Hitherto the appetite of the 
swine had been largely disregarded in the development of feed-
ing standards. 
The author also noticed that pigs which were denied needed 
minerals for a long period often devoured them voraciously when 
supplied, and with correspondingly good results. Occasionally 
immediately temporary ill effects followed because of prelimi-
nary, altho usually not serious, gorging. That the pigs should 
hunger for minerals, tankage, green forage or other palatable 
feeds, after having been kept from these for a protracted period, 
indicated to us that the pigs' appetite was a fairly reliable 
measure of their physiological needs. Henceforth we proceeded 
to utilize the appetite in the development of practical methods 
for feeding swine on the farm. This led to the introduction of 
the self-feeding system and free-choice method in the feeding 
of swine. 
A RESUME COVERING THE NEWER METHOD 
OF FEEDING 
Before delving into the history of the feeding standards and 
into the review of the literature covering swine feeding practices, 
past to present, it is pertinent that we define here just what is 
meant by the free-choice method of swine feeding as well as by 
the self-feeding system. 
METHODS OF FEEDING DEFINED 
The Self-Feeding of Swine: Self-feeding simply means to 
allow the ration in such manner that the pigs may have continu-
ous access to the feed. It is really ad libitum feeding (see fig. 
1). The pig may eat whenever he wishes of easily accessible 
feed or feeds kept before him. Hand-feeding, two, three or more 
times per day, the amount the pigs will 'clean up' is not self-
feeding inasmuch as the feed is not allowed in excess of the COil-
sumptive ability. 
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Fig. 1. Self-feeding offers many profitab:e oPl:ortunities in J;ork making. 
The P1'ee-Choice Style of F eeding: Free-choice feeding (see 
references 12, 14, 15, 16 and 19) means to allow the feeds in such 
manner that the pigs are provided opportunity of selection. If 
free-choice feeding is to be advantageou:;ly practiced, then palat-
able feeds, suitable for the building of an adequate and complete 
ration, should be supplied. Free-choice feeding may be practiced 
with self-feeding or hand-feeding. 'When self-feeding, free-choice 
style, the various feeds are simply placed in separate self-feeder;; 
to which the pigs have continuous access. vVhen hand-feeding 
free choice style, one common method is simply to place the dif-
ferent feeds or feed mixtures in separate compartments of a 
trough, allowing the pigs to have access to them at intervals, say 
t.wo, three or four times daily. After the pigs have eat.en until 
all are satisfied, either the troughs are removed or the pigs ex-
cluded therefrom. To practice absolute free-choice feeding is to 
allow the pigs at all times free-choice of all the feeds fed . 
The Modified Free-Choice Style of F eeding: To take maximum 
economic and physiologic advantage of the pigs' appetite in their 
adjustment of the daily feeds in the ration, it is necessary to 
practice modified free-choice feeding. In other words, instead 
of allowing, separately, the indiyidual feeds, minerals and supple · 
ments, it is often much better to mix some of the feeds together 
and allow the mixture as one of the free-choice units. For ex-
ample, in fattening pigs we have found it economically and 
physiologically inadvisable to self-feed shelled corn, meat meal 
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tankage, corn oil cake meal, common flake salt, finely ground 
high calcium limestone, spent bone black, iron oxide and potas-
sium iodide separately. Instead, we deem it better to practice 
limited or modified free-choice self-feeding, allowing the feeds 
in separate self.·feeders as follows: Shelled corn; a mixture of 
meat meal tankage and corn oil cake meal; and another mixture 
of common flake salt, finely ground high calcium limestone, spent 
bone black, iron oxide and potassium iodide. 
Our experience has been that young fattening swine will usual-
ly gain faster and more economically when this modified fr€e-
choice scheme is followed, rather than when there is absolute 
freedom of choice. Therefore, in developing this newer method 
of applied feeding, we emphasize intelligent and practical modi-
fication of the free-choice system of feeding. 
Summary: The experimental data, proof, reasoning and de-
ductions which are presented in this paper, the results of the 
author's researches, show clearly that the appetite of young 
growing and fattening swine is a fairly - reliable, altho not an 
absolutely infallible indication of physiological needs. It will 
be shown, . however, that pigs, self-fed free-choice style under 
certain controlled experimental conditions in our investigations 
made more rapid and economical gains than did comparable pigs 
fed according to various feeding standards. Our results demon-
strate that the pig has ability under certain conditions to select 
the approximate nutrients necessary for rapid growth and fatten-
ing and, while so doing, to keep vigorous and healthy. 
REVIEW OF LITERATURE 
Not until about the beginning of the nineteenth century was 
chemistry far enough advanced to permit the formulation of 
feeding standards based on chemical consti tuen ts. Von Del' Goltz 
(23) describes animal feeding as having been done in the eight-
eenth century on the basis of previous experience and neighbor-
hood practice. The art of feeding was handed down in empirical 
fashion from generation to generation. Much attention was 
given in the later part of the eighteenth century to the art and 
practice of feeding livestock, especially horses. 
HISTORICAL ASPECTS OF FEEDING STANDARD 
FORMULATION 
THE EARLY GERMAN INVESTIGATIONS 
Thaer's Hay Equivalent Standat"d: In 1810 Thaer (55), a 
German investigator, published a table of hay equivalents using 
meadow hay as a standard. He based his table on data secured 
from crude digestion trials which he carried' on with oxen. Thaer 
at that early date insisted that the most trustworthy results, in-
sofar as the improvement of feeding practice was concerned, were 
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to be obtained by careful chemical analyses of the feeds in con-
junction with actual digestion trials. He published the total 
percentages of constituents (fat, carbohydrates, exclusive of 
fiber, and protein) in a few feeds, representative of which were 
meadow hay, carrying 50.0 percent of the above nutrients, pota-
toes 25.0, beets 8.0 and alfalfa hay 55.0 percent. These figures 
compare quite favorably with present day analyses. Thaer thus 
made a beginning in developing feeding standards. 
Thaer fed oxen to compare the relative values of feeds. In 
one test described, he found that 100 pounds of potatoes were 
equal to 50 pounds of meadovv hay. From the standpoint of 
maintenance, this would not be far amiss, particularly if the 
potatoes were somewhat dried out and the hay of poor quality. 
Grmwen's Cntde Nut1'ient Standal'd: Grouven (38) sugges+ed 
the first feeding standard in 1859. He based the computation of 
his rations on the total quantity of protein, carbohydrates and 
fat as determined by chemical analysis. He intimately connected 
the science of chemistry with the science of feeding and did much 
to advance the development of feeding standards. 
Shortly before Grouven made his proposals, one Haubner (38) 
had suggested the feeding of dairy cows on rations wherein the 
chemical composition was carefully considered, and he is said 
to have fed cows successfully according to his method. Never-
theless, Grouven should be credited for having brought a tentative 
system for better feeding into general recognition. 
Altho Grouven still used the crude constituents in his feeding 
standard work up to 1872, Henneberg and Stohman (38) in 
Weende, emphasized the fact that the nutrients from different 
feeds were not equally digested. Henneberg suggested the use 
of only the digestible nutrients of a feed as a basis for calculating 
rations. These two investigators did extensive and classical work 
from 1858 to about 1870, many studies being made on the digest-
ibility of feeds and the maintenance requirements of sheep and 
cattle. 
Wolff's Digestible Nutl'ient Standard: In 1864, Wolff (36) 
presented the first feeding standards. These were based on the 
digestible nutrients-protein, carbohydrates, fat-and total dry 
matter. He conducted many experiments to demonstrate the 
practicability of his standards but emphasized that these should 
be taken only as guides. The Wolff standards were introduced 
into America by Atwater (3) in 1874. Armsby (1), in ·.1880, re-
emphasized the usefulness of the Wolff standards, particular at-
tention being given to their use in cattle feeding. Stewart (54)", 
however, also credits Johnson with being instrumental in intro-
ducing and spreading knowledge concerning the Wolff feeding 
standards for cattle. Table I shows the early Wolff standard 
as it applied to growing and fattening pigs. 
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TABLE I. THE WOLFF S1'ANDARD FOR GROWING AND FATTENING PIGS 
2·3 
3·5 
5-6 
6·8 
8·12 
Digestible 
pi'otein 
Digestible 
carbo-
hydrates 
an d fats* 
Total 
digestible 
nutrients 
Nutri-
tive 
ratio 
Daily amount (pounds) per 1 ,000 pounds live weight 
50 I 42.0 7.5 I 30.0 ! 37.5 I 4.0 100 34.0 5.0 
25U 
30.0 JJL 124 I 31.5 4.3 I 3.7 28.0 5.5 170 27.0 3.4 I 20.4 23.8 6.0 250 21.0 2.5 '--lJ!.2 18.7 6.5 
* Fats converted in figures by u sing the factor 2.4. 
In his standards, which until 1896 were published annually 
in an agricultural calendar, Wolff (42) especially emphasized 
the need for gradually widening the nutritive ratio of the ration 
as the fattening period advanced. This was a most noteworthy 
contribution. Wolff st~tes that lean swine will often eat 40 
pounds of dry matter per 1,000 pounds of live weight. However, 
American experiences indicate a higher consumption than this. 
In later life, Wolff felt that the narrow nutritive ration pre-
scribed in his standards for use at the beginning of the feeding 
right after weaning might cause the animals to overeat and thus 
become more subject to disease. He suggested that the nutritiye 
ratio, if the feeds were digestible and palatable, might be widened 
to a maximum of 1 to 8 or 10 in the latter stages of fattening. 
In the writer's experience, a nutritive ratio of 1 to 4 is not 
necessarily too narrow for weanling pigs of about 2 months of 
age; in truth, the average swine feeder errs by making the ratio 
too wide at this time. The health of more pigs is adversely af· 
fected by wide ratios than by narrow ones. 
Kuhn (37) believed that the Wolff standards should make a 
distinction between the digestible albuminoid and amide pro-
tein compounds, inasmuch as only the former were considered 
available for supplying the protein needs of the animals. 
L ehmann's Modified Wolff Standa1-d: Lehmann from 1897 
to 1906 presented annually in the lVIentzel and von Lengerke 
Agricultural Calendar the Wolff standards which he had modi-
fied because of increased knowledge resulting from scientific 
TABI,E II. THI; WOLFF·LEHMANN STANDARD FOR GROWING 
AND FA'lYl'ENING PlGS' 
(All weights iil pounds) 
I 
Digestible 
I 
Age Av.live carbo· Total Nutri-
in weight Dry Digestible hydrates digestible tive 
Mos. per head matter protein and fats** nutrients ratio 1 : 
2·3 50 
'U " 30.4 38.0 4.0 3-5 100 35 5.0 25.0 I 30.0 I 5.0 5·6 150 33 4.3 23.7 28 5.5 6·8 200 30 3.6 21.5 25.1 6.0 
8·12 300 26 ~ 19.0 ___ 22.0 __ 6.4 
* Dry matter and digestible nutrients per day per thousand pounds live weight. 
** Fats converted to carbohydrate equivalent by using the factor, 2.4. 
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trials in animal feeding'. The standard for growing and fatten-
ing pigs which he published (see figs. 2, 3, 4) , in 1906 (43), is 
presented in table II: 
The Wolff standard as modified by Lehmann allows a little 
more protein when the pigs are very young and practically a 
half pound or more of protein per thousand pounds live weight, 
wlJ-en the pigs exceed 200 pounds. The total digestible nutrients 
and the digestible carbohydrates and fats are slightly increased. 
The nutritive ratio remains practically the same, excepting that 
it is made slightly narrower after the pigs reach 9 months of 
age. 
Jordan ( 31 ), commenting on the Wolff-Lehmann standards 
in 1901, emphasized that the nutritive ratios as given were ad-
equate to meet the requirements of the animal when the quantity 
of feed supplied was sufficient. He emphasized also that, while 
these standards were only approximate guides, they served ad-
mirably in avoiding serious feeding errors. 
As late as 1912 Burkett (5) , teacher, editor and farmer, wrote 
that, altho many attempts had been made to simplify the W olff-
Lehmann standard, it is still a popular guide in ration making. 
Jfellner's Modified Wolff-Lehmann Standard: Following Wolff 
and Lehmann, Kellner (32) developed thru careful experimen-
tation and feeding studies a new method of expressing the re-
quirements of a feeding' standard. Independently he, Zuntz (59 ) 
and Armsby (2 ) came to appreciate that the pounds of digest ible 
nutrients did not accurately measure the net feeding value of a 
feed, inasmuch as nutritive losses occurred during mastication, 
digestion and assimilation. 
The Kellner standard for growing pigs, fattening stock, is ex-
pressed by ages and weights of pigs, together with the necessary 
pounds of nutrients per day per 1,000 pounds live weight. In-
cluded in this standard are the amount of dry matter in the total 
ration, digestible true or albuminoid protein, digestible crude 
protein, digestible fat, digestible nitrogen free-extract, digestible 
crude fiber and starch equivalent. 
In using the Kellner standard, one has the option of building 
the ration on the basis of either the digestible true protein or 
digestible crude protein. The former is preferable, however, be-
cause Kellner believed that the amides or non-proteins were of 
little value from the true protein requirement standpoint. When 
the Kellner ration is balanced from the protein standpoint, only 
the true protein digestible basis of the feeding stuff is considered. 
For conveniencc Kellner placed the total digestible and digestible 
true protein requirements side by side so that if true protein 
figures are not available, then, presumably, the total digestible 
protein may be used in the computation (32) . 
The one other outstanding requirement of Kellner 's stand1rd, 
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Fig. 2. Chart showing protein requirement of feeding standards. 
other than digestible true protein, is expressed as "starch equiva-
lent," a unified measure of the energy requirement. The fat, 
nitrogen-free extract and crude fiber are given on a digestible 
basis for convenience so they may be used if starch equivalent 
figures are not available. Strictly speaking, therefore, the KeU-
ner standard calls for definitely specified amounts of total dry 
matter, digestible true protein and starch equivalent daily per 
1,000 pounds live weight. 
The K ellner Starch Valtte : In experimentally determining 
the starch equivalent, Kellner found that, on the average, one 
pound of digestible starch, when fed to the ox in excess of the 
maintenance requirement, produced 0.248 pound of body fat . 
On the other hand, one pound of digestible true protein would 
produce only 94 percent as much body fat as the same amount 
of digestible starch. 'fherefore, the pound of digestible true 
protein had a value equivalent to 0.94 pound of starch, which 
was called its starch value. One pound of digestible fat was ex-
perimentally shown to have a starch value ranging from 1.61 
to 2.41 pounds. The fat of highest value was found in oil bear-
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Fig. 3. Chart showing carbohydrate requirement of feeding standards. 
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Fig. 4. Chart showing fat rquirement of feeding standards. 
ing seeds and that of lowest value in certain bulky feeds, such 
as roots. The fat in cereals and mill by-products ran inter-
mediate in starch value, or about 2.12 pounds per digestible 
pound of fat. In theory, therefore, the starch value of a feed 
could be determined very simply-multiply the digestible con-
stituents by their equivalent in starch value and add the products. 
Kellner, however, found the actual starch value of only 16 
feeds and then computed the remainder. He found that feeds 
high in fiber were lower in starch value than the computation 
showed and, therefore, a deduction was arbitrarily made depend-
ing upon the amount of crude fiber present. For practical pur-
poses in feeding according to Kellner feed standards, however, 
one needs to use only the published figures as computed by Kell-
ner for dry matter, digestible true protein and starch value. 
The Ii.eZlner Standard for Fattening Pigs: The Kellner feed-
ing standard for growing pigs, fattening stock (see figs. 2, 3, 
4, 5) is presented in table III: 
Kellner 's (33) views on the digestion and assimilation of pro-
tein are not in accord with those of Wolff or Lehmann. Kellner 
states that the easily soluble amides, the so-called non-protein 
material, did not replace true proteins but increased the decom-
position of the proteins. In his work, animals died from protein 
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Fig. 5. Chart showing starch value equivalent requirement of Kellner feeding 
standard. 
Age 
In 
Mos. 
2·3 
3-5 
5·6 
6-9 
9-12 
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TABLE 111. TIlE KELLNER STANDARD FOR GROWING AND 
l!'ATTENING PIGS 
Digestible Nutrients 
Li,"c Dry Starch 
Nitrogen-
free 
weight matter value extract 
per in total True equiva- Crude and crude 
h oad ration protein lent fiber Fat fiber 
(Pounds per day per 1,000 pounds live weight) 
I 
44 
I 
44 6.2 33.8 6.6 1.0 28.0 
110 36 4.5 32.0 5.6 0.9 23.5* 
145 32 3.5 26.5 4.4 0 .7 22.5 
200 28 3.0 24.5 3.9 0.5 20 .5 
285 25 2.4 19.8 3.2 0.3 18.5 
* English translation g'ives 25.5 anCl German original 23.5. 
starvation when the entire protein in the ration was replaced 
by asparagin or by ammonium acetate. Both asparagin and 
ammonium acetate, added to a ration that was low in protein and 
rich in carbohydrates, acted as carbohydrate sparers. This work 
was done with ruminants. Kellner believed that when amides 
are available the protein destroying bacteria tend to attack them 
and thus indirectly the protein would be conserved. However, 
bacteria apparently playa greater part in digestion with rumi-
nants than with carnivora or omnivora. 
A CON'l'EMPOHAHY AMEHICAN FEEDING STANDAHD 
A.nnsby's Modified Kellner Slandard: Our newer knowledge 
of nutrition (see figs. 1,40,51) has cast much doubt upon Kell-
ner's theory concerning the usefulness of the nitrogenous bodies 
of different quality, altho to date the exact truth regarding the 
whole matter is not known. Armsby (2), too, based his feeding 
standards upon the digestible true protein, ignoring the non-
protein nitrogenous compounds. 
Armsby simplified the Kellner method of expression somewhat 
by using therms in place of starch value equivalent. The therm 
is a more direct expression of the amount of net energy available 
in the feed, representing as it does a thousand calories, or the 
amount of heat required to raise 1,000 kilograms of water from 
00 to 1 0 C. equivalent to raising 1,000 pounds of water nearly 
4 degrees F. Starch values and therms attain the same end, prac-
tically speaking, being simply different methods of expressing 
the net energy available. 
Kellner 's starch values as published were determined by in-
vestigations on ruminants, horses and pigs. It is inaccurate to 
apply horse, cattle and sheep starch values of feeds to swine feed-
ing> because the same feed does not necessarily yield identical 
starch values when fed to different classes of livestock. Digest-
ibility figures should be specifically applied to the particular 
kind of livestock fed. 
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AMERICAN FEEDING STANDARDS FOR SWINE 
Dietrich Standard /01' Fattening Pigs: Dietrich (9) used up· 
wards of 600 pigs in conducting both digestion and feeding ex-
periments to determine the nutritional requirements of growing 
and fattening swine. The aim was to determine a standard of 
feeding which would most economically grow and fatten the pigs 
from 2 months old to about 8 months. The Dietrich standard 
specifies definite amounts of digestible crude protein, carbohy-
drates and fats as well as total water per hundred pounds live 
weight for growing and fattening pigs at various ages (see figs. 
2, 3, 4, 5 and 6). The feed is regulated weekly. The water 
specifications represent a new requirement of feeding standard 
as applied to swine. 
Dietrich's theory in regard to protein waste was that an animal 
on a high protein diet developed a habit of wasting the protein. 
In order to avoid this waste, he believed that the protein allow-
ance should be rather drastically cut beginning the eighth week 
following weaning, decreasing the amount fed from 7 pounds 
per thousand pounds live weight at the eighth week to 6 pounds 
at the twelfth week. After this he fed 6.5 pounds. Dietrich 
started his standard at 6 pounds immediately after weaning and 
brought it up to 7 pounds at the beginning of the eighth week. 
This investigator said, "A pig that is put on full feed seemingly 
will not make the gains in live weight that he would if he were 
fed a little less than this quantity," and that" In order to de-
velop a pig's appetite he should never be overfed.)) 
Concerning the water requirement, Dietrich believed that pigs 
drank too much in warm weather and not enough in cold weather, 
therefore he prescribed the allowance of a definite weight of water 
daily per unit of live weight. Day (8) soon predicted that the 
water requirement would be dropped from the Dietrich standard 
because he found that the pig is a good judge of water require-
Fig. 6. Chart showing water requirement of Dietrich feeding standard. 
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ments. He criticized the standard as being too complex for the 
busy farmer, a most constructive criticism. The Dietrich stand-
ard is more complicated in its execution than the "\Volff-Lehmann, 
Kellner, or Morrison standards . 
.A number of investigators have felt that excessive protein 
feeding was not good for growing and fattening pigs, but it is 
assumed in these cases that the writers who cautioned against 
excessive protein feeding were basing their recommendations up-
on mixed rations. Among those who cautioned against heavy 
protein feeding were Wolff, Kellner and Dietrich. The author's 
experience has been that if one makes the ration too rich in a 
mixture of high protein feeds and then compels the pig to take 
this mixed feed, the pigs will not gain so well as when an optimum 
allowance of an adequate protein supplement is supplied, or 
when the pigs are allowed to select their own proportion of suit-
able protein feeds. 
Annsby Stlggests a New Basis [01" Feeding Standa1·ds: Arms-
by (2 and 27) in 1917 suggested a feeding standard for swine, 
covering the" requirements for growth with no considerable fat-
tening." This new standard was to be considered along with 
the maintf:ilance requirements he promulgated. The requirements 
were stated in pounds of true digestible protein and therms of 
net energy. The maintenance requirement per head per day 
given for swine follows: 
Live weight 
(Pounds) 
20 
40 
60 
·so 
100 
]20 
140 
160 
180 
200 
Digestible True Protein 
(Pounds) 
0.0l0 
0.019 
0.029 
0.038 
0.048 
0.058 
0.067 
0.077 
0.086 
0.096 
Net EneTgy 
(TheTms) 
0.43 
0.68 
0.89 
1.08 
1.25 
1.41 
1.56 
1.71 
1.85 
1.99 
The requirements for growth, over and above maintenance, 
are given according to age and per pound of increase in live 
weight, each pound gain calling for the minimum pounds of 
digestible protein and therms of net energy as follows: 
Age in Months 
0·1 
1·2 
2-3 
3·6 
6-9 
9·i2 
12·18 
Digestible True Protein Nat Energy 
(Pounds) (Therms) 
(RequiTements per Pound of Gain) 
0.17 0.65 
0.16 0.77 
0.15 0.88 
0.14 . 1.23 
0.12 1.59 
0.10 1.96 
0.07 2.66 
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Armsby actually determined the net energy values of only 10 
feeds. Using these results in conjunction with Kellner's starch 
values, he computed the net energy values of other feeds. These 
net energy values were determined primarily for ruminants, 
therefore, such data are of little value when applied to swine 
feeding. The same may be said of the Kellner standard in which 
the starch value is used. 
Th e New M on'ison Standa1'd for Fattening Pigs: Morrison 
(28) has recently suggested a new feeding standard for growing 
and fattening swine because, as he puts it, "Recent experiments 
have conclusively shown that dairy cows, work horses and fat-
tening cattle, sheep, and pigs all need considerably less crude 
protein than is recommended in these standards. Since protein-
rich feeds are usually the highest in price over most of our coun-
try, following these standards is usually decidedly uneconomical. 
Furthermore, in other respects these standards are inaccurate or 
unsuited to modern American feeding practices and economic 
conditions.' , 
The Morrison standard is based on dry matter, digestible crude 
protein and total digestible nutrients (the sum of the digestible 
crude protein, the digestible carbohydrates and 2.25 times the 
digestible fat). For convenience in computing rations, the nutri-
tive ratio is also included. The Morrison standard for fattening 
pigs disregards age, placing the emphasis upon allowance ac-
cording to liveweight. A range is given from a practical mini-
mum to a practical maximum, which really means approximate 
figures. His standard is shown in table IV. 
Weight 
rang3 
30-50 
50-100 
100-150 
150-200 
200-250 
250-300 
TABLE IV. TilE MORRISON FEEDING STANDARDS FOR 
FATTENING PIGS 
Dry matter I Diges tible crude I Total digestible I Nutritive rangG protein , range llutrients, range ratio, 1: 
(Pounds per day p er 1,000 pounds live weight) 
46_2-51.0 7.8-8.5 
I 
41.0-45.4 4.0-4 .5 --
37.0-40.8 5.5-6 .0 32.9-36.4 5.0-5.6 
32.4-35.8 4.4-4.9 28.8-31.9 5.5-6.2 
29 .0-32.0 3 .5-3.9 I 25.8-28.5 6.2-7 .0 
25.5-28.1 3.0-3.4 I 22.7-25.0 6 .5-7.3 
22.4-24.8 2.6-2.9 1 __ ~0.0-22_0 6 .7-7.5 
THE SELF-FED FREE-CHOICE STYLE OF' 
SWINE FEEDING 
HISTORICAL DEVELOPMENT 
Early European References: Concerning too liberal feeding, 
Hale (25), in 1776, insisted that swine should be fed often but 
too much should not be kept before them at a time, inasmuch as 
"their ravenous appetites will lead them to cat more than they 
can digest." Self-feeders, in which the feeds were fed mixed, 
were used to some extent in his timc. 
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Moubray (44), in 1832, apparently did not believe in self-
feeding, altho he did believe in satisfying the appetite of the pigs 
thru hand-feeding methods. He objected " ... to the ancient 
and still too common country method of filling the troughs at 
every feeding hour, whether empty or not." Evidently some of 
the farmers in his time were using the self-feeder, or at least put 
into effect the self-feeding scheme. 
In 1854 Lawes (39) of the Rothamsted Station reported having 
conducted a short investigation on the ad libitum feeding of pigs 
with the idea of learning something about the pig's ability to 
balance his own ration. The comparative test involved but threa 
pigs in each lot, the feeding period being 64 days. Unfortunate-
ly, one pig in the free-choice group sickened, thus the experi-
mental data were incomplete for comparison. 
Nevertheless, even at that early date, Lawes apparently had 
some faith in the pig's appetite as a rough measure of nutritional 
needs and this faith was justified because the two pigs out of 
three in the free-choice lot "matured more completely than any 
others of the entire series." The feeds nsed were bean and lentil 
meal, Indian corn meal aDd wheat bran. Thirty-six pigs, weigh-
ing approximately 125 pounds each at a little uDder 10 months 
old, were on experiment. The particular feeds used in this in-
vestigation, in the light of our present knowledge, did not supply 
an adequate ration, but in spite of this the pigs made a fairly 
good showing. These investigations were not followed up at the 
Rothamsted Station. 
Eady Ame1·ican Experiments in Free-Choice Feeding: Am-
erican experimenters were more interested in determining the 
nutritive value of various feeds than in applying economical 
methods to the production of pork. Consequently, the self-f£ed-
ing method was given but little attention until the second decade 
of the twentieth century. 
Expe1-iments by Stabler: Stabler (53) in 1909 did a little 
work with pigs wherein he compared feed mixtures with the same 
feeds allowed separately. He wanted to see how the pigs would 
eat of different feeds in comparison with the standard set by 
W oIff Lehmann. Five pigs about 6 months old were fed for 77 
days. The feeds were corn meal, wheat bran, linseed meal and 
meat meal. In this short period Stabler noticed that the>:e pigs 
consumed more dry matter and more protein than was called for 
by the Wolff-Lehmann standard; were regular in their habits of 
feeding and made satisfactory gains for the feeds consumed. The 
experiment was discontinued on the eve of possibly striking de-
velopments. 
Osborne and Mendel's Work with Labomtory Animals: These 
men (45) discovered in their investigations that the rat has some 
ability to choose between adequate and inadequate diets. They 
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allowed rats to have a choice of "nutritively inferior" and 
"more adequate" feeds and found that the rats preferred the 
better; that is, the more adequate feed. 
Our experience with rats in comparison with pigs has been 
that the pigs are much more expert in selecting a superior ration 
from numerous feeds. 
Robison's Expe1'iments in F1'ee-Ohoice and Self-Feeding : 
Much practical feed lot and pasture experimentation has been 
done by Robison (49) on free-choice as well as self-feeding meth-
ods at the Ohio Agricultural Experiment Station. This investi-
gator has conducted numerous experiments in which he has com-
pared self-feeding and hand-feeding. His favorite method has 
been to compare one group of pigs self-fed free-choice style 
with other pigs hand-fed the same feeds, either mixed or fed 
separately. 
Robison's results often are confusing, because in a comparison 
between two groups he has incorporated more than one differ-
ence, such as self-feeding versus hand feeding, full-feeding versus 
limited-feeding, Dnd free-choice feeding versus the feeding of 
a definite allowance. He summarizes" Self and Hand-I1'eeding 
in Dry Lot" on the basis of a trial which involves 12 lots in-
cluding 64 pigs in the "self-fed corn and tankage" averages , 
and 21 lots with 109 pigs in the "hand-fed corn and tankage" 
averages. The comparison is quite difficult to interpret when 
one considers this significant comment, "While all of the tests 
included were not conducted primarily for studying the respect-
ive merits of self- and hand-feeding in dry lot and do not nec-
essa1'ily represent di1'ect comparisons, the numbers involved are 
sufficiently large to make the figures of some worth for that pur-
pose." (The italics are the author's) 
In this general summary, the self-fed pigs made over 9 percent 
greater gains than the hand-fed ones, 1.394 as contrasted with 
1.276 pounds per head daily. '1'0 reach the weight of approxi-
mately 215 pounds, startiDg at an average of 60 pounds, it took 
126 days with seU-feeding and 137 days with hand-feeding. The 
author recalculated the figures and found an even gTeater spread 
in days than he gives. 
The feed required for a hundred pounds of gain according to 
Robison's general averages-averages not representing direct 
comparisons-are: For the self-fed groups 374.788 pounds of 
corn, 30.485 pounds of tankage, total 405.273 pounds; for the 
hand-fed groups, 355.671 ponnds of corn, 36.453 pounds of tank-
age and 392.12-1 pounds total feed. The kind of corn is not 
stated, whether shelled or ground, or of what color, neither is 
the perccntage of moisture designated, which is an important. 
variable. 
The daily feed consumption was over 11 percent greater of 
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the pigs of the self-fed groups, 5.651 pounds per pig, as com-
pared to 5.002 pounds in the hand-fed groups. In the writer's 
experience, the quantity of feed consumed per pig daily and 
eeonomy of feed requirement are fairly well correlated. 
Only one pig was taken out of the self-fed group during the 
experiment, whereas 11 pigs were taken out of the hand-fed 
group. On the basis of the number of pigs involved, practically 
six times as many pigs were removed from the hand-fed group 
as from the self-fed groups. Was Robison's hand-feeding a less 
healthy process 1 
Less feed was required per 100 pounds gain for the hand-fed 
groups, but the pigs were started at a lower average weight so 
that this advantage would be small if correction is made for this 
initial weight variable. Also, the hand-fed pigs required ap-
proximately six pounds more tankage than those self-fed. When 
corrections are made for these two items and for the possible 
greater dressing percentages of the self-fed pigs, it would appear 
that even were these figures based on reliable comparable aver-
ages, the apparent advantage of hand-feeding over self-feeding 
from the standpoint of feed saved per unit of gain is not sig-
nificant. The lessened risk, as evidenced by the smaller number 
of pigs removed from the self-fed group, the shorter time . re-
quired to reach a marketable weight, and the lower overhead of 
equipment, housing, feeding and labor charge certainly favor 
free-choice self-feeding, or at least point to the practicability of 
modified free-choice self feeding. 
Another table is given by Robison covering a "Summary of. 
Tests Directly Comparing Self- and Hand-Feeding in Dry Lot." 
This covered five different lots for each feeding method, involving 
20 pigs. The average initial weight was approximately 75 pounds 
and the final weight 228 to ·230 pounds. The average daily gain 
of the self-fed pigs was 1.496 pounds and of the hand-fed ones 
1.373. This is practically a 9 percent greater gain for the self-
fed pigs. The feed consumption was 6.115 and 5.518 pounds 
per pig daily-about 11 percent more for self-feeding. The feed 
requirements for 100 pounds of gain were 408.671 and 401.888, 
1.3 percent in favor of hand-feeding. The self-fed pigs required 
less tankage, however, which tends to offset the difference. An-
other point needing emphasis is that the probable error involved 
in these slight differences is probably greater than the differences. 
Robison also presents a "Summary of Self- and Hand-Feeding 
Experiments on Forage," which includes 10 self-fed groups with 
67 pigs and 24 hand-fed groups with 165 pigs. The initial aver-
age weight was 51.5 pounds. The results included are not all 
directly comparable because in the hand-fed groups on forage 
were included all "that were given 3.5 pounds of feed or more 
daily for each 100 pounds of their weight." Thus advantages 
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accruing because of limited grain feeding, as often occurs on 
forage, would favor the hand-fed groups. Self-feeding is essen-
tially a full-feeding method, and in comparing self-feeding with 
hand-feeding one should bear this in mind. Self-feeding should 
not be practiced unless full-feeding is intended. Comparisons 
as made by Robison merely give one a general idea as to what 
might happen when different composite methods are compared. 
One would have difficulty in determining from a summary such 
as that just discussed, whether self-feeding or hand-feeding, free-
choice feeding or definite-allowance-feeding, was preferable. 
In this forage summary the self-fed groups outgained and con-
sumed more feed than the hand-fed groups. The concentrates 
consumed daily were 5.509 and 4.627 pounds, practically 19 per-
cent greater in self-feeding . . Evidently the hand-fed groups 
were limited considerably in the concentrate allowance. This 
complicates the interpretation due to the introduction of the 
limited grain feeding factor. 
The feed required for 100 pounds gain was 340.09 pounds of 
corn and 27.89 of tankage, a total of 367.98 pounds of concen-
trates the average pig in the self-fed group; the hand-fed pigs 
required 338.196 pounds of corn and 21.326 of tankage, a total 
of 359.522 pounds 0 f concentrates. The self-fed pigs gained on 
the average from 55.6 pounds to 207.8 pounds, whereas the hand-
fed pigs increased from 55.5 to 201.7 pounds. The hand-fed pigs 
had an unjust advantage inasmuch as they were figured to a 
lighter average final weight. 
On the assumption that the hand-fed pigs would require five 
pounds of feed per pound of gain to put on the six pounds of 
extra weight necessary to bring them up to the final weight of 
the self-fed lot, the feed requirement per 100 pounds of total 
gain in the hand-fed group would be increased thereby from 
359.5 pounds to 363.0 pounds. This shows how a slight difference 
in methods of computation and figuring would affect the final 
averages and further emphasizes the need of making our ex-
perimental comparisons specific. '1'he forage requirement for 
100 pounds of gain is not given. It has been our experience that 
self-fed pigs take less forage per hundred weight of increase 
made. 
One prime object in using pasture is to save high protein, high 
vitamin and high mineral feeds. Hence one may decrease the 
protein allowance on good pasture and thus force the pigs to 
consume the cheaper supplemental green feed. Just how far 
this forcing should go involves a nicety of judgment. Real prob-
lems in feeding young fattening pigs on forage under different 
conditions are to know just when to begin to full-feed and after 
full-feeding is begun, to decide whether to self-feed or hand-feed. 
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To begin self-feeding before full-feeding is in order handicaps 
the self-feeding method. 
Further experiments reported by Robison re-emphasize that 
young growing pigs when self-fed free-choice style on an in-
adequate combination of feeds, such as corn grain and linseed 
oilmeal, may make more rapid and more economical gains when 
the feeds are mixed together. By mixing the swine are forced 
to take a large proportion of the linseed oilmeal. 
Pigs do not relish linseed oilmeal and a few other feeds suf-
ficiently when fed separately, hence they do not consume enough 
of these feeds for proper nourishment. We know that pigs fed 
corn along with forced feeding of linseed oilmeal under dry lot 
conditions are very likely to develop rickets (figs. 30, 41, 48 and 
52), whereas pigs fed corn alone very seldom, if ever, do so. In 
the author's experience at the Iowa Station he has never seen 
an outstanding case of externally observable rickets produced 
by long feeding on corn alone. Is there some reaction that the 
human eye does not grossly detect when pigs consume linseed 
oilmeal, which impels the pigs to seek" safety first" by decreas-
ing the oilmeal consumption ~ When very young pigs are fed 
a mixture of corn and linseed oilmeal the development is more 
uneven than in straight corn feeding. Adding' linseed oilmeal 
to corn makes a better protein and vitamin combination than 
conl alone, hence, promotes a relatively greater muscular and 
flesh rather than bone tissue development. White corn and 
linseed meal present marked examples of calcium and vita-
min D deficlency. To promote rapid growth in the relative ab-
sence of calcium and vitamin D, both of which are deficient in 
corn and linseed oilmeal, causes a rickety condition. 
Expel'iments by Henry and Mon'ison: Henry and Morrison 
(29) have summarized t.he results of trials at six different stations 
covering free-choice self-feeding versus hand-feeding a well 
balanced ration of the same feeds in dry lots. The trials involved 
314 pigs, averaging 86 POIDlds each at the start. The free-choice 
self-fed pigs ate more corn per head daily, or an average of 5.7 
as contrasted with 5.1 pounds for the hand-fed, but the self-fed 
pigs ate less supplement, or 0.88 pounds compared to 0.96 pounds. 
The average daily gain was practically 10 percent greater where 
self-feeding was practiced, or 1.58 compared to 1.42 pounds. For 
100 pounds gain, 415 pounds of feed were required for free-
choice self-feeding and 424 pounds for hand-feeding of the 
balanced mixture-not quite 3 percent in favor of free-choice 
self-feeding. It must be emphasized that tankage was one of 
the supplements used in all cases. ' 'Pigs, " as Henry and Mor-
rison put it, "when self-fed corn and tankage, free choice ... 
usually show a surprising ability to balance their own ration. 
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When young, they eat a considerably larger proportion of tank-
age than they do during later periods." 
In the writer's experience, pigs show this ability not only with 
tankage, but with fish meal, buttermilk powder and various mix-
tures of these feeds with others when used in balancing a corn 
ration. This biological ability of pigs to select a superior ration 
is manifested to a marked degree when they are supplied with 
a superior protein, vitamin and mineral mixture such, for in-
stance, as the Trinity Mixture (tankage, 50; linseed oilmeal, 25; 
and alfalfa meal or leaf flour, 25 parts, by weight), or the Ames 
"Big 10" supplemental feed (tankage, 40; cottonseed meal, 20; 
linseed oilmeal, 15; peanut meal, 9; alfalfa meal, 12.8; salt, 1; 
ground limestone, 1.5; wood ashes, 0.5; iron oxide, 0.198; po-
tassium iodide, 0.002 parts all by weight) and others of similar 
high character for balancing shelled corn. 
Henry and Morrison also summarized nine other trials in 
which pigs had been self-fed corn and tankage free-choice style 
in comparison with others hand-fed the same feeds on pasture. 
These trials involved 150 pigs of 58 pounds average initial weight, 
fed for an average of 112 days. The self-fed pigs ate more feed, 
made a little over 9 percent greater daily gain, and required less 
than 1 percent more feed for the 100 pounds gain. Had the 
hand-fed pigs which weighed an average of 192 pounds after the 
112 days of feeding been carried to the same weight as the self-
fed pigs (206 pounds- a difference of 14 pounds), their feed re-
quirements would certainly have been greater than the self-fed 
pigs; then, too, self-feeding would have saved some 10 to 12 days. 
Every day's time gained in fattening swine has financial sig-
nificance. Our experience at the Iowa Station, covering many 
long-time trials with young pigs, decidedly favors self-feeding 
both in gains and lessened feed requirements. In comparing 
hand- and self feeding, if the self-feeders are not properly con-
structed and rightly used, and if, on the other hand, the hand-
fed mixtures have been unusually well compounded a.nd skillfully 
fed, the greater the chance of hand-feeding making' a good rela-
tive showing'. 
In commenting on the advantages of the free-choice system of 
self-feeding, Henry and Morrison appreciate, as does the author, 
that the workability of the hand-fed, man-balanced ration may 
be handicapped in practice because of lack of expert knowledge, 
or as they put it: "It should be pointed out that in all of these 
trials the hand-fed pigs were fed under the supervision of an 
experienced feeder. Under average conditions there would be 
a greater advantage in favor of self-feeding." 
Russell and Morrison (50 ) of the Wisconsin station, recom-
mend as one of their two best rations for fall pigs one that is to 
be self-fed in modified free-choice style. The ration suggested 
is as follows: "Self-feed the corn separately in one compartment 
of a self-feeder. In another compartment of the self-feeder, feed 
a mixture of 50 pounds tankage,'X' 25 pounds linseed meal anu 
25 pounds chopped alfalfa. The pigs will take about enough 
of the protein-rich mixture to balance their ration." They rec-
ommend another self-fed or hand-fed ration made of the same 
feeds and mixed together" . .. in the proper proportions to make 
a well balanced ration for pigs of the particular age you are feed-
ing. This method apparently produces somewhat the most rapid 
gains, but it necessitates grinding the corn." To feed such a 
mixture necessitates accurate knowledge regarding the percent-
age of each feed to use at various ages thruout the feeding period 
and also requires considerable figuring as well as a knowledge 
upon which to base that figuring before the correct allowance 
of the mixture may be determined. 
It may be possible for Morrison and Pargo, with all of their 
expert knowledge and experimental experience consistently to 
mix a ration, consisting of the four feeds mentioned, in such 
manner as to improve on the pig's choice of the two feeding com-
ponents. However, the question arises as to what the average 
man in practice is able to do; or what even the most intelligent 
men can accomplish without previous experience such as these 
scientists have enjoyed. Apparently these investigators have 
some doubt regarding the answer to these questions, otherwise 
they would not have said, "This method apparently produces 
somewhat the most rapid gains .... " (The italics are the 
author's.) 
Russell and Morrison in this same report speak of the tendency 
of brood sows to balance their concentrated grain rations. If, 
for instance, the sows are fed white corn which is deficient in 
vitamin A, they will correct the vitamin deficiency by eating 
alfalfa hay, provided they have constant access to good quality 
hay fed whole in a suitable rack. In regard to the alfalfa hay 
feeding', they say: " Brood sows will commonly eat plenty ... " 
The writer's experience is that brood sows cannot be depended 
upon to balance their corn ration in protein and other constitu-
ents if alfalfa in the rack is the sole supplement. Alfalfa has 
at least one inhibiting factor, the high fiber content and there 
may be others. To be absolutely sure of securing sufficient con-
sumption of this leguminous roughage, one should grind and mix 
it with some other palatable feed. Thus the swine are forced to 
take enough of this legume to protect them largely against pro-
* Note: The original Trinity Supplemental Mixture was developed by the author 
at the Iowa Station in 1921. It consisted of Tankage. 50; corn oil cake meal. 25; 
alfalfa meal. 25 parts, by weight, and gave results superior to tankage when self-fed 
free-choice along with shelled corn and a mineral mixture (or salt). Later Morrison 
and associates found that the corn by-product was excelled by the flaxseed source 
feed. lin seed oilmeal. Still later the author found that the lin seed oilmeal could suc· 
cessfully be wholly or half substituted with cottonseed meal of high grade. 
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tein, mineral and vitamin deficiencies. When too much alfalfa 
hay meal is ingested, the excessive fiber may have an adverse 
effect. 
The author knows that young pigs will ofttimes eat sparingly 
of alfalfa from the rack, the pigs sometimes consuming practically 
nothing but the leaves. Morrison and his co-workers have noticed 
this as is evident from the following sentence taken from their 
report : "Young pigs will not eat much long alfalfa from a rack 
and often will not take enough to provide themselves with a suf-
ficiency of the fat-soluble vitamin." When white corn is fed as 
the main basal feed, little vitamin A and D are present; yellow 
corn, on the other hand, is rich in vitamin A, hence alfalfa and 
other high vitamin A feeds are not so essential as when white 
corn is fed. Enough vitamin D or the substitution of direct sun-
shine must be obtained somehow, however. 
Ea1"ly E xpe1'iments at the Iowa Station : Many experiments 
have been conducted on free choice and self-feeding by the author 
and associates (20) at the Iowa Agricultural Experiment Station. 
Some of these experiments date back to 1910. The first series 
covers eight comparisons involving 16 groups and 103 pigs. The 
corn and 60 percent protein tankage rations of the check groups 
were all full-fed by hand. Enough tankage was allowed prac-
tically to balance the ration in an acceptable manner. An average 
of all the experiments in hand-feeding shows that 0.33 pound of 
tankage per head daily was allowed from the time the pigs were 
weanlings, weighing a little less than 50 pounds, until they aver- . 
aged approximately 221 pounds. Shelled corn was used in all 
except one case, where ear corn was fed. In all but one instance 
the pigs were fed until they weighed approximately 220 to 225 
pounds, and, in most instances, if the pigs at the end of the forage 
season had not yet reached the required weight they were self-
fed thereafter. '1'he forages used in the different years were rape, 
TABLE v. SE LF·FEFJDING. FREE·CHOICE VERSUS HAND·FULL·FEEDING 
ali THE S AME FEEDS SEPARATELY AND IN BALANCED AMOUNTS 
(All weights in pounds) 
Item covered 
Number of days in period 
Average initi al w~ight, per pig 
Average final weight per pig 
Average daily gain per pig 
A Vel' age daily f eed consumed per pig 
Corn grain 
Meat meal tankage 
Total concentrates 
F eed required for 100 pounds gain 
Corn grain 
:Meat llleal tankage 
Total concentrates 
Pasture required for 100 lbs. gain, (acre) 
H a nd , fu ll fed 
groups, receiv in g 
corn gra in balan ced 
with tankage 
14 7 
47.7 
220.6 
1.19 
4 .36 
.33 
4.69 
367.08 
27.73 
394.81 
0.0263 
Self· fed fr ee·choice 
groups, a ll owed corn 
grain and tankage 
1 34-
~6.9 
222.0 
1. 32 
4.67 
.3 5 
5.02 
353.71 
26.34 
380.05 
0 .0239 
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alfalfa, bluegrass, timothy and red clover. The average results 
are expressed in table V. 
The free-choice and self-feeding of these young growing and 
fattening' pigs promoted a greater daily gain, and, altho it in-
duced a larger total feed consumption, the amount required was 
less for each hundred pounds of gain, both as regards concen-
trates (tankage and corn) and pasture. In addition to making 
more rapid and more economical gains, it is the author's judg-
ment that the free-choice self-fed pigs, on the average, were fatter 
and their dressing percentage higher. 
The time saved in getting the pigs ready for market, amount-
ing to 13 days to the pig', is important because the early market 
for spring pigs is higher than the late market. Saving a couple 
of weeks in the late summer and fall means much from the 
economic marketing' aspect. 
The self-fed free-choice pigs took less pasture than the hand-
fed ones for the gains made. The former required 0.0239 of an 
acre for the 100 pounds of gain, whereas the hand-full-fed pigs 
took 0.0263 acre, a difference of 0.0024 of an acre, or 9.12 per-
cent less. If the pasture is valued at $20.00 an acre ($250 land), 
then the self-fed pigs, requiring 9 percent less pasturage than 
the hand full-fed ones, should be given due financial credit. At 
$20.00 an acre the 0.0024 acre saved is equivalent to a reduction 
of 4.8 cents per 100 pounds gain. This would purchase more 
than 5 pounds of corn at 50 cents a bushel. An acre of pasture 
under the conditions of this expcriment was sufficient to furnish 
grazing for hand full-fed pigs while making 3,803 pounds of 
gain, whereas the self-fed pigs would have adequate grazing on 
the same area of pasture while putting on 4,184 pounds of gain-
301 pOlUlds difference. When we consider that there was a 
pasture charge of 53 cents for each 100 pounds gain made by 
the hand-fed pigs, a saving of 9 to 10 percent is significant. 
Additional data on self-feeding versus hand-feeding twice 
daily are furnished by results from two experiments in dry lot 
feeding with pigs having an average initial weight of 47 pounds 
and fed to an average final weight of 225 pounds. The pigs in 
both the hand- and self-fed groups were fed free-choice style on 
shelled corn, wheat middlings and meat meal tankage. All com-
parable groups had minerals before them under exactly the same 
conditions. In one comparison the wheat middlings were omitted 
in both the hand and self-fed groups. The average results are 
given in table VI. 
Self -feeding certainly excelled hand-feeding in these experi-
ments. The self-fed pigs required fewer days to reach the desig-
nated weight, made a greater average daily gain and consumed 
more total feed (with less supplement). Those self-fed took 17.20 
pounds, or 19 percent, less of the relatively expensive supple-
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TABLE VI. SELF VERSUS HAND FULL-FEEDING, FREE-CHO I CE 
STYLE , IN DRY LOT 
(All weights in pounds ) 
Item covered 
Number of days in period 
Average initial weight per pig 
AYerage final weight pel' pig 
Average daily gain per pig 
Average daily feed consumed per pig 
Corn 
Pl'vtein supplement 
Total 
Feed required for 100 pounds gain 
Corn 
Protein supple!nent 
Total 
Hand, full-fed 
groups, f ed 
twice daily 
156 
46.9 
225.5 
1.16 
4 .06 
1.02 
5.08 
349.65 
89.90 
4 3 9.55 
S elf-fed 
fl'ee ·choice 
groups 
134-
47 .1 
225.7 
1.36 
4.54 
.96 
5.50 
336.40 
72.70 
409.10 
ments and 30 pounds, or 7 percent, less total feed, for the hun-
dred pounds of gain produced. 
Other experiments with well grown shoats fed in dry lot made 
a . showing similar to that of the younger pigs above described. 
Four groups of pigs involving 32 individuals were fed in dry 
lot for 104 days. A summary of the results with these shoats of 
177 pounds average initial weight tells its own story (See table 
VII) : 
These early experiments show conclusively that pigs destined 
for an early market may be fed most economically by the self-
feeding method. I t is most often more economical to use the 
modified rather than the free-choice style. 
THE SELF-FEEDING SYS'l'EM IN PRACTICE 
Its Use in Arne-rica: The self-feeding system has been widely 
adopted in practical farm management. The agricultural litera-
ture is replete with papers, articles, communications and edi-
torials concerning the advantages of this method of feeding. One 
illustration may be given here of a large scale feeder, Drury (11) 
of Illinois. He began using the free-choice system of self-feeding 
TABLE VII. SELF·FEEDING VERSUS HAND FULL·FEEDING IN THE 
FINISHING OF WELL GROWN SHOTES IN DRY LOT 
Hand·full·fed 
groups receiving Self-fed groups P ercentage 
shelled corll, receiv ing shelled difference 
or shelled corn corn or shelled in favor of 
Item covered and tankage corn and tanka ge self·feeding 
Number of days in period 10 4 104 
lbs. lbs. 
Average initial w eight per pig 176.4 177.0 
AYerage final weight per pig 317.1 33 6.0 5.6 
Average daily gain per pig 1.47 1.65 10.9 
Average daily feed consumed per pig 
Corn 6.98 7.4 9 6. 8 
Tankage .07 .07 even 
Total 7.05 7.56 6 .7 
Feed requirement per 100 pounds gain 
Corn 478. 80 457.50 4.5 
Tankage 6. 3 0 5.40 14.3 
Total 485.10 462. 85 4.6 
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following its recommendation in 1914 by the author. Drury 
then marketed from 500 to 1,000 hogs annually. In 1914 his 
entire market drove averaged 317 pounds at an average age of 
a little over 10 months. Corn, tankage, suitable green feed thru-
out the growing season and minerals made up the basis of Mr. 
Drury 's ration. 
In recent years one of the largest market hog finishers who 
used corn in abundance has been Lincoln Harbold (26) of south-
ern Iowa. He has fed tens of thousands of hogs in a decade. 
The free-choice system of feeding was adopted upon the sug-
gestion of the author. He told the author: "I would go out of 
the hog feeding business if I could not use the modified free-
choice method of self-feeding; it is simple, easily carried out and 
economical. " 
Bohstedt (4), until recently chief in the animal husbandry 
work at the Ohio Agricultural Experiment Station, now at the 
University of Wisconsin, has had much practical experimental 
experience with the free-choice as well as the self-feeding of 
swine. He spent one year working with the author at the Iowa 
Station in the earlier years when the free-choice system of self-
feeding was being developed. In October, 1919, while associated 
with Morrison of the ·Wisconsin Station, Bohstedt made the fol-
lowing significant comments: "Self-feeders are strongly in de-
mand because they save time, labor and feed, and therefore help 
the farmer in cutting down the cost of producing market hogs ... 
Experiments carried on at different stations show that on the 
average it takes less feed for 100 pounds gain in live weight when 
pigs are self-fed than when hand-fed the same feeds . The more 
rapidly one can get a pig to gain usually the less feed is required 
for a given gain. . . This 'free-choice' or 'cafeteria' system of 
self-feeding is a fairly safe method and, with corn and tankage 
especially, has proved remarkably successful. .. One must see to 
it daily, of course, that the self···feeder is delivering the feed to 
the trough." 
Bohstedt calls special attention to the saving in time, pointing 
out that the farm boy instead of carrying heavy swill pails may 
instead use the self-feeder. It may be filled from the wagon 
once or twice a week in such manner that " he can care for his 
pigs in less than half the time necessary for hand-feeding them." 
Carmichael (6) of the Illinois Agricultural Experiment Sta-
tion, in 1917, made a statement concerning the experience he had 
in a recent feeding' investigation with young, growing and fatten-
ing pigs: "The self-feeder puts on faster gain than hand-feed-
ing. After five months feeding like we had here and which is 
about the length of feeding on many farms, the self-fed lots are 
larger and fatter than the other lots. " 
Tomhave and Grimes (56) in Director R. L. Watt's 1922 Rc-
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port, present some favorable comments in favor of self-feeding, 
these being based on an experiment conducted at the Pennsyl-
vania Station. They fed two comparable lots of 15 pigs each, 
averaging> approximately 56 pounds per head, for a period of 99 
days. The ration was composed of corn meal, buckwheat middlings 
and tankage. The self-fed pigs gained 1.3 pounds per day as 
compared to 0.88 pound for the hand-fed ones. The cost of gains 
was $5.74 and $7.78. The return per pig above feed cost was 
$7.41 for the self-fed group and only $3.18 for the hand-fed pigs. 
Tomhave and Grimes state: "The pigs in the self-fed lot, dur-
ing the last half of the experiment particularly, showed a de-
cided advantage in thrift and quality." 
Kilgore (35) of the North Carolina Station has found the free-
choice system of self-feeding to be of considerable utility in his 
state. He quote,;; from a Mr. Shay: "We have found nothing 
that will so satisfactorily develop a pig> as this 'free-choice' sys-
tem, and we know that we cannot obtain as good results from 
the most expert hand-feeding, either with the same or a greater 
amount of feed." 
Williams (57) of the Arizona Station, has had much experience 
with the free choice method of self-feeding under southwestern 
conditions. He says: "I am convinced that 9 out of 10 of our 
swine raising farmers will do well to use the self-feeder, and the 
'free-choice' system of swine feeding, properly modified. The 
self-feeder has manifold advantages when correctly used, and 
the pig's appetite is an asset that we should capitalize . to the 
utmost. " 
An At~stmlian Estimate: Potts, (47) pig feeding expert and 
late principal, Hawkesbury Agricultural College and Experiment 
Farm, New South "Vales, Australia, has found that the 8elf-
feeder as well as the free-choice method of pig feeding has be-
come very popular, inasmuch as they save "time, labour and 
feed," and that they prepare "pigs for market in a more ex-
pedi tious and economic manner than other systems of feeding." 
He emphasizes that the self-feeder when properly used in com-
bination with grazing" is giving the most gratifying results." 
He has followed with success some of our recommendations for 
the modification of the free-choice method. 
Professor Potts spent many months in the United States some 
years ago at which time he carefully investigated the preliminary 
progress we were making at the Iowa Station in the development 
of this newer system of feeding>. Several years later, in 1923, he 
made this significant comment in the publication previously re-
ferred to: "The results obtained in a long and convincing series 
of tests conducted at the State Agricultural College, Iowa, and 
at other stations in the United States and Canada, are of suf-
ficient value to warrant the general adoption of the self-feeder, 
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particularly where the pig is given the opportunity of selecting 
such feeds from the various chambers as will give him a bal~nced 
ration. Under the system designated as 'free-choice' feeding, the 
pig secures maximum gains; he exhibits correct judgment in 
selecting, not only the right class of food in proper quantities for 
balancing the ration, but such food as will fit in economically with 
the out-door system of grazing. The food placed in the self-
feeder can be modified so as to supply deficiencies of nourish-
ment in the pasturage. .. The profitable character of this sys-
tem is more pronounced in the final or fattening stages, when 
young pigs are fed off for market as porkers; fattening- foods in 
concentrated form are given, such as maize, wheat, barley, pol-
lard, balanced with protein foods ... " 
Favorable English Comment: Pinnock (46) of Colney Heath, 
British Isles, has described the introduction of the free-choice 
and self-feeding method into English pig husbandry. In com-
menting upon a series of articles (17) that appeal;'ed some nine 
months previously, he says that they" gave a jolt to pig-breeders 
and pig-feeders in this country such as they had not had for 
many a year." He believes that these methods have" inaugurated 
a new era in pig-farming" in his country. He estimates that 
since the appearance of these papers" no fewer than 10,000 pig-
breeders and feeders have adopted the dry-feed system to a 
greater or less extent." Barring a few exceptions, which he in-
fers are due to wrong application, he says that he has "heard 
nothing but praise for the system." 
Insofar as Pinnock's own experience goes, he offers this: "After 
nine months of careful experimenting and testing, I think it is 
quite safe to say that the hopper feeding of pigs has reduced the 
labour of pig-feeding by 75 percent, has increased slightly the 
amount of flesh produced by a pound of food fed, and has in-
creased considerably the weight of flesh put on in a given time." 
Evidently Pinnock used his self-feeders to good advantage, ex-
ercising careful supervision in regulating their flow so as to se-
cure maximum utility. He also carefully adjusted the self-feeder 
to fit the pigs fed, which is important. Another quotation from 
Pinnock may wdl be introduced at this juncture: "My tests 
showed that the free-choice feeding with the free access to the 
salts advised by Prof. Evvard gave slightly better results in the 
quick growth of the pigs ... " Pinnock used the modified system. 
STUDIES OF SELF-FEEDING EQUIPMENT 
The Essential RequiTMnents of an Efficient Self-Feeder: It 
is essential that the self-feeder (19 ) be properly constructed and 
correctly manipulated in order to permit pigs to self-feed with-
out inhibition. The pigs must not have to work too hard to secure 
their feed, such as results from improperly constructed troughs 
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at the bases of the self-feeders, if the pigs are to gain rapidly 
and economically. To self-feed ideally requires adequate self-
feeders. Great care must be exercised in experimental work to 
differentiate between self-feeder efficiency and the efficiency of 
the self· feeding method or principle. 
The satisfactory self-feeder, efficiently built and properly used, 
should combine these qualities: Simplicity, convenience, utility, 
substantiality, sanitation, durability, economy in feeding, furnish 
adequate protection to feed, sufficient size to feed advantageously, 
encourage feeding without undue exertion on the pig's part, per-
mit maximum full-feeding with a minimum of or absence of 
waste, low first cost, minimum cost of maintenance and pleasing 
appearance. 
Th e A.d'/.:antages of the Self-Feeding Method: The advantages 
of the self-feeder were enumerated in this fashion: Saves time 
and labor; distributes labor more advantageously; provides a 
natural way of full-feeding; permits a free-choice system of feed-
ing; decreases somewhat the constant attention to pigs; increases 
convenience in feeding; promotes more rapid gains; encourages 
a quicker finish or greater degree of fattening; stimulates pro-
duction of more economical gains; economizes in feed require-
ments considering results secured; may decrease risk, interest, 
and depreciation; discourages the production of runts and un-
thrifty pigs; promotes sanitation; encourages more thoro mas-
tication by discGunting time; allows the pigs to eat more fre-
quently; discourages gorging and over-eating; permits all swine 
to adjust the quantity of their ration; may decrease the amount 
of water drunk; may provide enlarged feed storage space; mini-
mizes trough and feeding floor space necessary; permits feed to 
be allowed under cover to good advantage; may eliminate much 
noisy squealing for feed; promotes greater happiness and con-
tentment, both porcine and human; and may add to the attrac· 
tiveness and businesslike appearance of the swine farm. 
Its Disadvantages : The disadvantages of the self-feeder should 
likewise be emphasized. They are: Necessitates outlay of ma-
terial and labor in building; may be somewhat more difficult to 
use efficiently (compared to troughs) ; encourages the likelihood 
of neglecting the herd, by the feeder placing too much depend-
ence upon the self-feeder automatism; may limit exercise by un-
duly encouraging the hogs to lie around the feeder; may limit 
pasture grazing thru substitution of more easily procured supple-
ments; may decrease rustling ability; may discourage the carry-
ing of the hogs over for better markets because of high finish; 
may necessitate at times more preparation and mixing of feeds 
in order to take advantage of modified free-choice feeding; 
and makes necessary a careful study of the best ways to take ad-
vantage of free-choice as well as self-fed feeding. The extra 
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study required to make the self-feeding system a success is often-
times accompanied by additional profit, because, as the author 
(13) pointed out in 1915: "The hog is a physiologist, not an 
economist; he eats to suit himself, and corn at 3 cents and corn 
at $3.00 look all the same to him. In other words, 'the hog' looks 
out for himself,' not you ... Human ingenuity must be exercised 
in learning what and which feed to place before swine in separate 
self-feeders to secure optimum results. In case of doubt use 
corn ... and meat meal tankage'.:' .... The hogs cannot always 
economically balance his ration; much depends upon the oppor-
tunities ' that you afford him. Choose the right feeds." 
The writer's experiences at that time showed that linseed oil-
meal, wheat middlings, corn oil cake meal and other feeds of 
similar inadequate character were not suitable to self-feed singly, 
free-choice style along with corn. This was true from the stand-
point of securing rapid gains and a heavy feed consumption. If 
one mixes some lJJfalfa meal or tankage, or fish meal, or butter-
milk powder, or some other similarly good and palatable feed, 
or some combination of these feeds with the above named in-
adequate feeds, and uses the adequate, balanced, supplemental 
mixture thus made, to balance corn, he has a modified free-choice 
system of feeding. It is presupposed, of course, that yellow corn, 
because of its greater vitamin A content, will be considered pre-
ferable to white and, also, that an adequate mineral mixture will 
be supplied as one of the components of the free-choice ration. 
It is interesting to note that pigs are apparently well able to 
determine their optimum salt requirements. In an experiment 
conducted in 1914, the author (14) found that the group of pigs 
self-fed salt free -choice style made the cheapest and largest gains . 
. Furthermore, the amount of salt eaten was intermediate to those 
amounts consumed by the two hand-fed groups which yielded al-
most as good results. Summarizing, we find that the chief dis-
advantages of self-feeding may, in many cases, be offset by in-
telligently modifying the free-choice system, especially by for-
mulating efficient and palatable protein supplements and mineral 
mixtures. 
A GENERAL SUMMARY AND DISCUSSION' 
Feeding standards have been devised to point the way to more 
efficient feeding. As usually expressed, they specify a definite 
amount of the different classes of nutrients which should be sup-
plied daily per head or unit of live weight in order to secure 
approximately the best results in the development of the differ-
ent classes and grades of farm animals. Standards for feeding 
may also include definitely outlined methods of feeding, which 
* or palatable and suitabl~ economi cal blends such as the "Big 10" mixture or 
p. trinity mixture o!:' othe:-s . 
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may be put into practice in such manner as to secure as nearly 
the optimum results as are practically possible. 
MEASUREMENTS OF EFFICIENCY 
One may apply a number of measuring sticks to a feeding 
standard i.n judging its efficiency. Admittedly, no single measure-
ment may be used with disregard of all others, therefore in judg-
ing the feeding standard or method of feeding for any particular 
purpose, we must bear in mind a number of essential factors. 
Some of the more important ones are as follows: 
A. Ra,pidity of Ga,in. This is usually expressed as the aver-
age daily gain, or as the number of days required to reach a 
certain weight or finish, or a combination of these two elements. 
Using experimental data on 333 lots of pigs fed to an average 
final weight of 225 pOlmds and with the variation in initial 
weights compensated, the author and associates (21a) found a 
partial correlation between daily gains and feed requirements 
of - .66+.03 for the forage lots and - .78+.02 for the dry lots. 
This relatively high correlation shows that the feed requirement 
diminishes rather rapidly as the daily gain increases. 
B. Feed Consnmption. The amounts of feed consumed per 
head daily and per unit live weight are the units generally used 
for expressing feed consumption. Ordinarily large feed con-
sumption is desirable, particularly in fattening animals. The 
more feed that an animal can consume to physiological advantage, 
the better the results. High feed consumption per unit of time 
and low requirement per unit of weight increase are positively 
cor-related. Palatability is essential to quantity and quality in-
gestion. 
C. Feed Requij'ement of a, Unit Gain. The amount and 
quality of feed required per unit of gain are most important con-
siderations. However fundamental a low feed requirement per 
unit of gain is to profitable production, other factors such as 
health and the right quality of product may be more important. 
D. }f ealth. The degree of health promoted by the ration fed 
is an obviously important essential. . That ration which promotes 
health and which increases the ability of animals to resist disease 
as well as other untoward influences in their . environment, has 
much in its favor. Since we now appreciate that the lack of 
certain vitamins, calcium, phosphorus, iron, iodine, specific amino 
acids and other constituents of the ration may cause improper 
development and lower resistance to disease, more and more em-
phasis in the building of our feeding standards is being placed 
upon nutrition as a health consideration. 
E. Growth. One of the measures of growth is the increase 
made in pounds, designated as the average daily gain. An animal 
may grow in weight, however, without increasing in stature or 
height. The dimensions of the animal, therefore, are very im-
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portant. Emphasis must be placed not only upon the absolute 
mcrease in height, length, depth, width and circumference but 
also upon the proportionate development of parts. The quality 
of growth is ofttimes as important as the quantity. 
F. Quality of PJ·oduction. The kind of carcass produced is 
of economic significance; for instance, whether it is fat, lean, ex-
cessively bony, or "watery." In milk production we have a 
vivid illustration, inasmuch as the kind of milk produced is im-
portant-whether it be high or low in fat, creamy or white in 
color and high or low in solids. In pigs the quality of the bacon, 
hams and other parts is affected materially by the relative degree 
of fatness, which, in turn, is affected by the character of the feeds 
used and the methods of feeding. However, fashions and con-
sumer requirements change so that the quality which is considered 
best today may not be so tomorrow. 
G. Reproduction. The method of feeding affects largely the 
ability of the animal to reproduce. The pregnant female has 
different nutritive demands than the male because she must pro-
duce the young in tdero. "Flushing" sows and ewes during the 
breeding season helps increase the number of young'. The charac-
ter of the feed, its quantity and apportionment during gestation 
affect the character of the parturition performance and the re-
sulting offspring. The suckling period creates different demands 
than does pregnancy, and the feeding must be altered according-
ly. Thru proper feeding oestrum may be hastened; likewise, 
after birth the ration affects the development of the offspring 
and, hence, the time of weaning. 
H. Longevity. The length of life is a relative consideration. 
It is more important for horses than for swine to live long. 
Breeding swine El;ould live much longer than those intended for 
market. However, any feeding standard which promotes health, 
as well as longevity, other things being equal, is better than the 
one that does not. I~ongevity is largely dependent upon inherit-
ance, but the environment and feed may temper the qualities 
genetically transmitted. 
1. Practicability. The feeding standard or method adopted 
should be simple and easily executed. It should be adaptable 
to the feeding situations as they develop. It should be convenient 
to use. It should promote the economical production of the live-
stock that it is properly and correctly applied to. It should 
appeal to the rank and file of the livestock producers who could 
use it to advantage if they would, and who would use it to ad-
vantage if they could. 
The foregoing essentials are not given in the order of their 
merit because the order of importance will vary with conditions. 
Then, too, the viewpoint of the feeder is different from the view-
point of the pig as regards the effectiveness of the feeding stand-
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ard. From the standpoint of growing and fattening pigs, the 
farmer may emphasize rapidity of gain, low feed requirement, 
quality of produetion, health and practicability, whereas the pig 
himself emphasizes feed eonsumption, reproduction, growth and 
longevity. 
In judging the worth of feeding standards which are designed 
for growing and fattening pigs from weaning time to marketable 
weights, chief emphasis should be placed upon these essential 
factors: 
Practicability 
Health 
Rapidity of gain 
Feed requirements per unit increase 
Growth 
Quality of production 
Feed consumption daily and during period 
Longevity (living long enough to reach the slaughter-
house safely) 
From the feeding standpoint alone, the usual emphasis is 
placed upon rapidity of gain, the feed requirement per unit in-
crease, the daily and total feed consumption and the quality of 
the production. But we must go further, placing emphasis upon 
the other factors mentioned. 
EXPERIMENTAL PROCEDURE WITH RESULTS 
AND INTERPRETATIONS 
In this country few definitely controlled experiments have 
been run comparing the different feeding standards (see fig. 7 ) ; 
therefore, in order to make real progress in developing a new 
and improved feeding standard, it is necessary that definitely 
controlled experiments be conducted wherein the various con-
temporary as well as the proposed new feeding standards are 
Fig. 7. Pigs under six months of age, free-choice. self-fed versus standards har:d-
fed, directly compared in a definitely controlled experiment. 
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compared side by side. In the review of literature herein, Dietrich 
was apparently the only investigator who actually compared in 
comprehensive manner his method of feeding with another stand-
ard. He, however, did not give the basic figures of his researches; 
furthermore he merely compared his method of feeding growing 
and fattening young pigs with one standard, the Wolff-Lehmann. 
EXPERIMENT A-COMPARISONS OF FEEDING 
STANDARDS 
It has been the author's conviction that justice could not be 
done the subject of feeding standards for growing and fattening 
swine until the various standards were compared in accordance 
with our modern ideas of well conducted research. The writer, 
therefore, made such comparisons. Comparable lots of pigs were 
fed according to the free-choice system or standard of feeding, 
the Dietrich or Illinois standard, the Kellner standard and the 
Wolff-Lehmann standard. Accurate records were kept of pig 
weights, growth, feeds consumed and other basic considerations. 
In all, comparisons were made using 10 groups of pigs. These 
pigs were fed from shortly after weaning until they reached an 
average final weight of approximately 300 pounds per pig in 
each group. The Morrison standard was not included in the ex-
periments inasmuch as it had not yet been promulgated. 
OBJECTS OF THT~ EXPERTMEN'l' 
The purposes and aims of the experiment were: 
1. To determine t,he relative efficiency of the different recogliized fced· 
ing standal'ds as well as the free-choice system or standard of feeding 
when applied to the growing and fattening of young swine. 
2. To note the relative effects of the free-choice system of self-feeding 
as compared to the same system wi:h the pigs being hand-fed three times 
and two times daily. 
3. -To demonstr'ltc the results of feeding a free-choice determined mix-
ture, self-fed, as compared with feeding the same feeds unmixed free-
cho:ce style. 'l'he mixtnre was based upon the average percentage of feeds 
aonsumed by similar pigs when the feeds were fed sepamtely free-choice 
in a preyious experiment. 
4. To ascer~ail1 the effect of adding a quart of buttermilk daily per 
head to pigs self-fed free-choice style on dry feeds. 
5. To study the l'clative value of allowing water free·will and according 
to the Dietrich requirements. Two comparable bunches of p:gs were used, 
both beillg fed according to the Dietrich standal'd as regards organic 
nutrients. 
6. To secure data on the feeding of prospective breeding gilts according 
to the free-choice system. Alfalfa meal was used as an inhibitor to prevent 
excessi ve fattening. 
7. To place particular emphasis in judging the relative e;fliciency of the 
different methods of feeding upon the health, weights, gain in weight, in-
crease in growth, gross feed consumption, water drinking, crude and digest-
ible nutrients con~umed, gross feed and the various crude and digestible 
nutrients required per unit increase in weight, mineral consumption and 
the quality as well as quantity of production. 
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8. To develop an improved system and standards of feeding, with par-
ticular effort to secure more trustworthy knowledge on the appetite manifes-
tations of growing and fattening swine. 
METHODS OF EXPERIMENTATION 
D1lmtion of Expm'iment: The various groups were fed accord-
ing to the above plan for 180 days, starting at an average age 
of 78.4 days per pig. The Dietrich standard covered only a little 
more than six months of feeding following weaning because 
Dietrich thought that growing and fattening pigs 8 months old 
should be in marketable condition. Six months of feeding stand-
ard application following weaning time in the feedlot appealed 
to the author as being sufficient to give a good reliable experi-
mental comparison. Hence, when the six months were up, in 
order to make the comparison of the feeding standards with the 
free-choice method more effective, all groups beginning the one 
hundred eighty-first day were self-fed free-choice style the same 
feeds they had been receiving previously. 
The Animals Used : Fifty weanlings, barrow and gilt pigs, 
the progeny of yearling sows, were selected from over 100 pigs. 
Emphasis in selection was placed upon uniformity in age, weight, 
condition and other factors in order to insure equality among 
groups in the final division. These pigs averaged practically 42 
pounds per head when the experiment started on July 13. The 
mean range was from 34 to 45 pounds and the extreme range 
approximately 30 to 55 pounds. These pigs were all raised by 
the Animal Husbandry Section. Both they and their mothers 
from the time of impregnation received the same general treat-
ment as regards shelter, feed and management previous to the 
experiment. 
BREEDING AND TYPE: 'I'11e dams, closely line-bred, were either half, 
three-fourths or full sisters and of Hampshire-Duroc Jersey breeding. The 
pigs were sired by Hampshire boars and all showed a preponderance of 
Hampshire blood. Th ese pigs were exceptionally uniform in color, breed-
ing and type. 'fhe type of these pigs was marked as medium; that is, they 
were placed in the comb:nation "lard and bacon" butcher class. (See the 
pho:ograph' c figures). 
CONDITION OR DIWREE OF FATNESS: The fatness of these pigs 
averaged approximately" good to choice" on the basis of these rankings: 
Prime, choice, good, medium, fail', common and inferiol'. 
IlEALTII, VIGOR AND TIIRIFTINESS : All were strong and vigorous 
pigs when selected, evidencing exceptionally good health and thriftiness. 
PREVIOUS TREATMENT: Each p'g was weaned at 60 days of age, 
placed on a pasturo of mixed alfaEa, bluegrass, rye and wheat and allowed 
access to shelled ".0l'l1, wlwat m:ddlings, meat meal tankage and salt in 
sepam:e self-feeders. All were lmndl ed thus nntil the experiment stal-ted. 
Previously, dUl'ing the suckling period, the sows and litters also I'eceived 
the above mentioned concentrated feeds, 
ALLOTMEK'L' CONSIDERATIONS: In making up th e varions groups 
of pigs for the experiment the following factors were carefully considered 
in the distribution: Sex, weight, age, breeding, condition, outcome, type 
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and coloI'. The same average and similaI' mnge in weight and age was 
emphasized. 
COLLECTION OF WEIGHT DATA: Pigs were weighed individually on 
three successive days at the beginning and at the close of the expeI'iment. 
these being averaged to secure the initial and final weights, I'espectively. 
During the experiment the individual pigs were weighed every 30 days and 
groups every 10 days. 
If ousing and E q1tipment : Beginning July 13 and extending 
to Nov. 24 the experimental groups of pigs were sheltered in a 
long' experimental feeding barn which faced the south. The in-
side pens, 11-13 feet in dimension, were floored with concrete. 
The pigs also had free access to an open dry lot on the south, 
measuring 11 by 83 feet. All self-feeders and troughs were kept 
within the barn. 
After Nov. 24 and continuing until the close of the experiment, 
the pigs were kept in an Iowa Sunlit Hog House (7 ) which had 
a concrete floor and 6 by 8 foot pens. The upright self-feeders 
and troughs were placed in this house. Additional sleeping 
quarters with wooden floors were provided for each group in a 
6 by 8 Iowa Movable Hog House, placed at the east end of the 
6 by 60 foot dry lot running eastward from the centralized house. 
Allotment and Rations Fed: A brief outline of the allotment, 
rations allowed, methods of feeding, feeds used and other ex-
planatory data is presented herewith: 
I Jot or No. of 
Group Swine 
No. in Lot 
I 5 
II 5 
III 5 
IV 5 
V 5 
VI 5 
VII 5 
YIII 5 
IX 5 
THE ALLOTMEN'l' 
RATIONS AND HOW FED* 
(First 180 Days-July 13, 1915, to January 9, 1916) 
P,·ee·Ohoice System (self-fed). 
Shelled corn; plus middlings; plus meat mea] tankage. 
Pree·Choice System (hand·fed tMee tvmes daily). 
Shelled corn; plus" he:.1 t middlings; plus meat meal tankage. 
P,·ee·Choice System (hand-fed t1VO tiJmes daily). 
Shelled corn; plus wheat middlings; plus meat meal tankage. 
Dietl"ch or Illinois Sysiem (hand·fed two times daily). 
Shelled corn; plus wheat Jniddlin gs; plus meat meal tankage; all 
mixed together before feeding; water at will. 
D'ietrich 01' Illinois System (hand·fed two tiJmes daily). 
Shelled corn; plus wheat middlings; plus meat meal tankage; all 
mixed together before feeding. 'Vater limited according to stand-
ard. 
K ellne>' System (hand·fed two times daily). 
Protein allowance based on true or albuminoid protein. Starch 
value used . Shelled corn; plus wheat middlings; plus tankage; 
all mixed together before feeding. 
Wolff·Lehmann System (hand·fed two times daily). 
B ased on actual specified nutrients per 1000 pounds li ve weight, 
the nutritive ratio being incidental. Shelled COl'll; plus wheat 
middlings; plus meat meal tankage all mixed together before feed-
ing. 
A P,·ee·Ohoice Detennined Mixt""e (self-fed). 
:Mixture based on the average percentage of feeds as consumed by 
s imil ar pigs ,,·l1"n self-fed these particular feeds separately, or free-
Choice style. The feed mixture allowed cons isted of 39 parts shelled 
(ground after the first 60 days to keep pigs from sortin g out the 
meat meal tankage and middlings which they then preferred in 
larger proportionate quantity) corn, 5 parts w heat middlings, {) 
parts meat meal tankage, by weight, all mixed together and self-
fed. 
P,·ee·C/wice System (self-fed). Same as Lot I , but bu/tennill' added. 
* Bone ash, charcoal, and rock salt self-fed free-choice style, all lots. 
X ** 5 
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Shelled . corn; plus wheat middlings ; plus meat meal tankage; plus 
buttermilk, (approximately a quart per pig daily) a .m. feed only. 
Modified Fre3·Choice System (self· fed). Developing Breeding Stock. 
All Gilts. 
Shelled corn (ground after the first 30 days to keep pigs from 
sortin g the sh elled corn, which they preferred, from the ground 
alfalfa) and ground a lfa lfa mixture; plus wheat middlings and 
ground alfalfa mixtur~ ; plus tankage. Condition and ga in s of 
gilts regulated by the proportion of alfalfa . 
(ISlst day to close of experiment-January 9, p.m. feed until all 
groups reached 300 pounds). 
Group 1. Continued a.s before . 
Groups II to VIII, in clusive, chan ged to free-choice method or standard of self· 
feedin g , the s ame feeds bein g allowed as previously, but hen ceforth each feed was 
se lf-fed from a separate feede r. 
Groups IX and X . Continued a s before. Group X (developing breedin g stock ) 
had not quite reached 3 00 pounds on the average when the last of the fa ttening 
groups determin ed the close of th :: experiment. 
Methods of F eeding cmd Wate1'ing: The following subdivi-
sions are treated under this heading: 
rPime of Feeding: The feeding hours were 7 :00 a.m., 11 :30 
a.m. and 5 :00 p.m. when the pigs were fed three times daily; in 
twice-a-day feeding, the 11 :30 feeding was omitted. The self-
fed lots had feed before them continuously. The feeders were 
frequently inspected so as to insure an abundance of clean feed 
available at all times. 
How Feeds lV-m'e Fed: In the hand-fed free-choice lots, II 
and III, separate trough space for each feed was supplied. These 
troughs were placed before animals at each feeding time and 
the pigs allowed to eat whatever feed they desired. The troughs 
remained until every pig had left the trough. The pigs soon 
adjust themselves to this method of feeding, a method which in-
sures that all pigs receive enough to satisfy them, yet does not 
permit pigs that have eaten their fill to make repeated returns 
to the trough. 
In the Dietrich, Kellner and Wolff-Lehmann lots, the feeds 
were all mixed and placed in the trough at the twice-a-day feed-
ing time. Effort was continually made to insure consumption 
as nearly as possible according to the specific feeding standard. 
Computation of nutrients was made every 10 days, this being 
based on the actual weights of the pigs. 
The two Dietrich groups, Lots IV and V, were handled similar-
ly except for the water allowance which was given free-will in 
Lot IV and limited according' to the standard in Lot V. The 
Dietrich standard daily allowance was based upon digestible 
crude protein, digestible carbohydrates and water, as specified, 
per 100 pounds live weight at the different ages. 
The Kellner system allowance was based upon digestible true 
protein and starch value equivalent, as specified, per 1,000 
pounds live weight at the different ages. 
The Wolff-Lehmann system or standard allowance was based 
** One pig included did very poorly during most of the test. Some discount should 
be made for t.his animal. 
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. upon the digestible crude protein and digestible carbohydrate 
. equivalent, as specified, per 1,000 pounds live weight at the 
different ages. The nutritive ratio, being incidental, was not 
figured. Another method of feeding according to the Wolff-
Lehmann standard is to work out the nutritive ratio as specified 
for age and then allow as much of the feed mixed according to 
that ratio as the pigs will take. We did this in a later trial not 
herein reported, and the results were much better than when 
feeding according to the specified nutrients per unit weight. 
However, the pigs which were self-fed free-choice style clearly 
excelled those fed according to the Wolff· Lehmann nutritive 
ratio scheme in gains as well as in feed requirement. 
The mixture fed to Group VIII was compounded according 
to the percentage of each feed consumed in previous experiments 
with young growing pigs carried in fattening experiments from 
weaning time until they reached approximately 8 months of age. 
In these basic experiments, three feeds-shelled corn, wheat 
middlings and meat meal tankage-were self-fed, free-choice 
style. The idea in self-feeding' a mixture of these feeds was to 
find out if the pigs could take such an average mixture con-
tinuously thruout the feeding period and make a good showing' 
with it, as compared with the data secured from similar pigs 
(Group I) allowed the same three feeds, free-choice self-fed. 
In Lot IX the conditions of feeding were the same as in Lot I, 
except that the pigs were given approximately a quart of butter-
milk per head daily. The pigs of both lots were allowed access 
to the three feeds, shelled corn, wheat middlings and tankage, 
but naturally those of Lot IX ate less of the other feeds, especially 
less of the middlings and tankage, in making their compensatory 
nutritional adjustments. Lot IX pigs preferred to take the 
quart of buttermilk and then eat less of the other feeds, particu-
larly the protein supplements. Naturally, when consuming the 
buttermilk the pigs require less tankage and middlings to balance 
their ration in proteins and some other constituents. 
In the development of female breeding stock, Lot X , the modi-
fied free-choice system of self-feeding was used. Three self-
feeders were provided for the concentrated or organic feeds, one 
for a mixture of corn and ground alfalfa, another for wheat 
middlings and ground alfalfa and the third one for the straight 
meat meal tankage. When the gilts tended to fatten unduly 
from the standpoint of their usefulness as future breeding ani-
mals, the proportional amount of ground alfalfa or alfalfa meal 
as mixed with the corn and wheat middlings was increased. The 
idea was to get near maximum growth without excessive fatten-
ing. This ideal was not accomplished, however, because the gilts 
actually became too fat, largely because we did not introduce 
enough alfalfa meal into the ration and also because their run 
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was so small as to restrict desirable exercise. Their outside 
paddocks were of the same size as for the other fattening groups. 
The proportion of corn (or wheat middlings ) to ground alfalfa 
was arbitrarily decided. The proportion of ground alfalfa to 
corn varied from 1 to 20, to 1 to 12, and of wheat middlings to 
ground alfalfa from 1 to 20, to 1 to 10. The proportion of ground 
alfalfa to corn and wheat middlings by 20-day periods averaged 
as follows: 
Ground AHal fa Corn Wh eat Middlings 
First period 1 18 10 
Second period 1 19 10 
Third period 1 15 12 
Fourth period 1 15 15 
Fifth period 1 20 18 
Sixth period 1 20 20 
Seventh period 1 20 20 
Eighth period 1 20 20 
Ninth period 1 12 10 
WatM' Allowance : Water was allowed ad libitum to all lots 
excepting the one Dietrich lot (Lot V), which was given the 
amount prescribed by the standard. It was Dietrich's idea that 
if the pigs would not take the necessary amount of water, as 
specified, it would be well to mix it with the feed and thus force 
its consumption. Frequently during this experiment some of 
the water for Lot V had to be so mixed. 
The water was allowed twice or three times daily, the idea be-
ing to keep water before the pigs at all times. After the advent 
of cold weather, on Dec. 5, warm water was supplied. In keep-
ing a water record, allowance was made for the evaporation from 
the troughs, this being' measured from an evaporation check 
vessel. 
The Feeds Used: 
CORN GRAIN: Only high grade yellow shelled corn of No.2 quality 
,,-as used. The moisture content ranged from 12 to 15 percent in the month-
ly composite tests. Howm-er, all figures covering corn are presented on the 
14 p ercent moisture basis. 
WHEAT MIDDLINGS: Was graded as standard aud of good quality. 
MEAl' MEAL TANKAGE: Regular 60 percent protein standard grade, 
secured from Swift and Company. 
BU1'TERMILK: Came from College Creamery daily and was largely 
free from churn washings. 
GROUND ALFALFA: Made from a choice grade of fairly green hay, 
third cu'~ting. Was ground thru an alfalfa screen-equipped silage cutter 
at the station. 
BONE ASlI : Came from Denver Fire Clay Works, Colorado; the grade 
was XXX; 75 pOl'cent was guaranteed to pass thru an 80-mesh screen. 
ClIARCOAL, MAPLEWOOD: Furnished by Wittig and Company, Mil-
waukee, chick size of fine clean quality. 
SALT, ROCK: Ordinary commercial grade. 
W A7'ER: Regular college hydrant water, coming from relatively shallow 
wells. 
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TABLE Vill. CHEMlOAL AND DIGESTIBLE NUTRIENTS IN THE FEEDS 
(Pounds in a hundred) 
\~;~~t -/-B-u-t-te-r-'/ ~~~f /- G-'-'o-u-n-d 
=-__ ,.cI:ct"'e"'m:.....::.or::......::D:...e:..:t..:ce':..::·m"'i:.:.n:.::ac::ti"'o.:c.n ___ ---cc-C:::o':"":·nC::-'c--=d",1 i",n",g::::-s milk tankagE: alf aHa 
Dr)· matter 86.00 88.57 ~ ----g4.2i) I 86.98 
l'vJoisture or water 14.00 11.43 90.98 5.80 13.02 
Protein, crude 8.84 16.59 3.49 60.20 I 12.92 
Protein, true 01' albuminoid ** 8 .59 14.76 3 .49 38 .51 8 .33 
Amides, 01' non'protein .25 1.83 .00 21.69 4.59 
Protein, crude, digestibl . 6 .63 13.27 *3 .32 45.15 6.59 
Protein, true or albuminoid, digestible 6.38 11.44 *3.32 23.46 2.00 
Nitrogen·free extmct, crude 69.98 56.95 4.13 2.19 33.22 
Nitrogen-free extract, crude, digestible 64.38 46.13 4.13 2.04 19.93 
Fiber, crude 2.30 6.29 .01 2 .36 31.58 
Fiber, crude, digestible 1.01 1.32 .00 .94 8.05 
Ether extract 01' fat, crude 3.66 4.64 .64 11.20 1.48 
Rther extract 01' fat, crude, digestible 2.53 3.94 .64 7 .28 .13 
Carbohydrate equivalent, crude 80.33 73.45 5.55 29.19 68.06 
Carbohydrate equivalent, crude, dig~stible 70.96 56.12 5.55 19.00 2 8 .27 
Starch value equivalent 76.75 64.35 8.22 42.57 11.79 
Ash or minenlls, erude 1.22 4 .1 0 .75 18.25 7.78 
rl'etal,-protein, crude; nitroge n free 
extract crude' fiber crude' fat 
crude; 'ash, cl:ude; ~nd mo'istul!e 100.00 100.00 100.00 100.00 I 100.00 
* The same proportion of total crude digestible protein and total true digestible 
protein to total crude protein is computed as in the Kellner tables. (32 and 34) 
** Detcrmin€Q. by the Stutzer, and the Harding and MacLean methods. 
Chemical analyses were run on composite samples of the basic 
feeds: Corn, wheat middlings, meat meal tankage, ground alfalfa 
and buttermilk. The minerals were not analyzed. Table VIII 
presents the chemical data on the feeds as used: 
The starch value equivalent of Kellner was computed for the 
above feeds according to the method outlined by Kellner (32) 
using the analyses and digestible nutrients as shown in the table. 
The method used in the computation of the starch equivalent of 
wheat middlings is presented: 
WHEAT MIDDLINGS, STARCH VALUE EQUIVALENT 
COMPUTATION 
Protpin, true or albuminoid, digestible, 11.44 x .94 (the fac:or for 
converting the digestible true protein into starch value equivalent) 10.75 
Nitrogen-free extract, crude digestible, 46.13 plus fiber, clUde digest-
1ble, 1.32, equals 47.45. Multiply 47.45 x 1 (the factor for conver~­
ing the digestible crude nitrogen-free extract and fiber into starch 
value equivalent) 47.45 
Ether extract or fat, crude digestible, 3.94 x 2.12 (the factor for 
converting the digestible ether extract of grains and their by-
products into starch yalue equivalent) 8.35 
Total starch value equivalent, before making deduction for each 
percentum of crude fiber, total, in the feedstuff 66.55 
Deduction for clUde fiber, .35 for each percent present in the feed, 
or 6.29 x .35 equals -2.20 
Starch equivalent total therefore equals the difference or 64.35 
The digestion coefficients were computed from results secured 
in actual trials run with pigs, these consisting of 80 individual 
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TABLE IX. PERCENTAGE DIGESTIBILITY ASSUMED FOR THE FEEDS 
F eed 
Corn 
'''heat middlings 
Buttermilk 
Meat meal tankage 
Alfalfa 
Protein 
crude 
75 
80 
95 
75 
51 
I Nitrogen -free I Fiber extract crude crude 
92 I 44 81 21 100 -
93 I 40 60 25 
I Ether extract or fat crude 
69 
85 
100 
65 
9 
digestion determinations with light and heavy hogs conducted 
by Evvard and Guernsey (21), together with a number of other 
trials by Grindlcy, Carmichael and Newlin (24), Dietrich and 
Grindley (10) and Forbes (22). Kellner's figures (34) were 
used for alfalfa. 
Table IX gives the coefficients of digestion used for corn, wheat 
middlings, buttermilk (fresh), meat meal tankage and alfalfa: 
It is necessary to emphasize that the digestibility coefficients 
as gathered from different sources vary considerably; therefore, 
the best that can be done is to take the averages, discarding only 
those that show unmistakable error. If later trials should demon-
strate that the before-mentioned percentages need correction, ad-
justments may be made by computing back from the original 
feeding data. The one outstanding difficulty in using digest-
ibility figures is their relative unreliability as compared to 
definite chemical nutrient determinations. With digestion co-
efficients as ordinarily used, (always apparent rather than real) 
the means or averages may be grossly misleading when the figures 
upon which the average is based show marked variations. 
We find that the digestible true protein represents a certain 
percentage of the total crude protein as well as of the total true 
protein in these feeds. The author's computations are presented 
herewith-the amides being considered 100 percent digestible. 
Feed 
Corn 
\Vheat rniddlin gs 
Buttermilk 
Mea t lneal tankage 
Alfalfa 
Percentage digestible true protein in : 
Crude protein 'rrue protein 
72.17 7<1.27 
68.96 77.51 
9 5 .13 95.00 
38 .97 60.92 
15.48 24 .01 
The digestible true protein expressed in percentage of the 
crude protein is shown to be highest in buttermilk, next in corn 
and least in alfalfa. The percentage digestibility of true pro-
tein is less than the percentage digestibility of total crude pro-
tein, due to the ami des being perfectly digestible. The percent-
age digestibility of the total crude protein in the buttermilk is 
exactly the same as the percentage digestibility of the true pro-
tein, 95 percent in each case. The percentages are the same be-
cause all of the protein is true protein with no ami des present. 
The percentage of true pl'otein in the total crude protein i<; 
as follows for the different feeds: 
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Corll . __ ..... _ ........... __ ................... _ ... _ ... _ ... __ _ ....... _ .. 97.17 
Wheat middlings ..... .................. .................... ... 88.96 
Buttermilk ................ .............. ............... _ ........ .. 100.00 
Meat meal tankage ...... ........... ........ ............... 63.97 
Alfalfa ........... .... _ ....... ..... ................................ _ .. 64.47 
The fact that the percentage runs so low in tankage leads the 
author to suspect that, after all, the amides, which represent the 
differences between the 63.97 and 100.00 percent, may be of con-
siderable nutritive value from the protein standpoint. The fact 
that corn runs so high in true protein in proportion to crude 
protein enlarges this suspicion. This newer view has also been 
strongly corroborated in the writer's previous experiences and 
experimental findings in swine feeding. 
RESULTS OF EXPERIMEN'L'ATION, DA'l'A AND 
INTJ<JRPRET ATIONS 
Study of Growth and F eed Data: The results secured and 
discussions of them will be taken up under separate headings. 
H ealth and 'l'h1'-ijtiness of Pigs: Thruout the entire test, with 
but few exceptions, all of the pig-s may be said to have done well 
and kept in excellent health. The pigs in Group I, presumably 
because of the more adequate feeding method, were especially 
thrifty and vigorous thruout the entire test, as were also those 
in Group IX. After free-choice self-feeding was started on Jan, 
9 there was a generally marked improvement in the gains, vigor 
and appearance of all groups previously hand-fed on specified 
rations. Group VIII also improved after being changed from 
the "mixture!' to the f ree-choice self-fed method Qf full-feeding. 
In the first month of the experiment, Group II had, for a time, 
one pig lagging·, but there was no further trouble. Group III 
had for a short time in November one indisposed pig. Group 
X had an unthrifty pig thruout the test, altho the other four 
did exceptionally well. This pig, however, was included thruout 
the experiment in the feeding record. Thc author had concluded 
from observation and experience in other experiments that it 
was often unwise to remove a pig because he was not doing well. 
The pig seemed fairly healthy but yet did not grow and develop 
normally in comparison with his mates. Group X, the writer 
believes, would have done considerably better had this pig been 
removed early in the test.~' 
The following typical notes taken at the time the pigs were 
approximately 8 months of age indicates the well-being of the 
animals at that time: 
* In 19] 6-17 we ran two groups of 52 -pound pigs . One group was self-fed shelled 
corn, plus tankage se lf-fed, plu s min erals self-fed, the other group was fed the same 
except that th e sheJl ed corn was ground and the alfa lfa mixed w ith it in various 
proportions as in thi s experiment. '1'he fir st group took 166 and the second group 
2 01 days to r ea ch 3 00 pounds. '1'he per centage a lfa lfa consumed a pprox ima ted 9 
per cent of the tota l f eed. '1'he fir st group took 409 pounds and the oth er 477 p ounds 
of ff.!ed per hundred pounds of gain made. 
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Group I. Pigs uniform in flesh and size, quite fat, contented, showing 
smooth and glossy coats. 
Group II. PigH uniform, but hardly so fat as Group I. Coats appear 
a little heavier than Group I. All pigs contented. 
Group III. 'l'hese pigs are smaller and not quite so uniform as the two 
previous groups, showing a little less meat. Coats smooth. Disposition 
slightly nervous as compared to free-choice self-feeding. 
Group IV. 'l'hese pigs 110t doing so well as the three previous groups. 
Coats m·o less glossy. They are somewhat inclined to root and b e a little 
nervous. 
Group V. Very similar to Group IV. 
Gl·OUp VI. Pigs show less finish and thrift, less uniformity in size, coats 
longer and less glossy than all previous groups. A disposition study shows 
restlessness, and pigs also show by their demeanor that they are not sat-
isfied. Apparontly these pigs were getting too much protein feed, with not 
enough corn in proportion. 
Group VII. Pigs even smaller than Group VI, but coats smoother. Pigs 
seom more contented than Group VI but not so much so as I, II or III. 
Group VIII. Pigs quite uniform in size and condition, being smaller and 
less fat than the first three free-choice fed groups. Coats smooth and ap-
pear:-wce thrifty. 
Group IX. Pigs show high finish, approximately the same as Group I. 
Disposition contented and coats glossy and smooth. 
Group X . Barring the one small pig that has not done so well as the 
other f our, pigs show good breeding finish, but with perhaps a little too 
much fat. 'rhe four pigs are uniform aud coats are smooth and glossy, 
showing thrift. All pigs arc contented except the smallest questionable one. 
TA.BLE X. TIlE PROGRESSIVE WEI GIlTS OJ? THE PIGS (In round n",,,be?·s) 
(All weights in pounds) 
Day of I 
experi-
ment 
1s t I 
10th I 
20th 
30th 
40th 
50th 
60th 
70th 
80th 
90th 
10 ~th 
110lh 
120th 
130th 
140th 
150th 
\ 160th 
170th I 
180th I 
190th 
200 lh 
2 10' h 
220 th 
230 ~ h 
240th 
1\1on th 
and 
day 
July 13 
July 23 
Aug. 2 
Aug. 12 
Au.;. 22 
Sopt. 1 
Sept. 11 
Sept. 21 
Oct. 1 
Oct. 11 
Oct. 21 
Oct. 31 
Nov. 10 
Nov. 20 
Nov. 30 
Dec. 10 
D ec. 20 
Dec. 30 
Jan. 9 
I 
42 
46 
55 
61 
69 
79 
92 
106 
125 
139 
15 5 
173 
186 
199 
212 
223 
2 33 
241 
252 
Average daily weight per pig by groups * 
I II I III I IV I V I VI I VII I VIII I IX 
42 42 42 
I 
42 I 42 I 42 I 
42 
I 
42 
48 45 44 45 45 44 44 47 
55 51 5 1 50 52 I 49 47 55 
61 56 56 
I 
56 60 54 
I 
54 65 
71 63 64 63 67 58 59 77 
82 72 68 69 72 63 63 87 
96 83 77 79 83 71 72 103 
108 97 88 88 90 75 
I 
75 115 
124 110 100 99 100 83 88 130 
139 123 109 110 110 92 100 147 
15 8 137 127 125 121 101 113 160 
175 151 143 139 1 31 110 
I 
124 178 
187 166 15 8 152 142 119 135 189 
202 185 170 I 165 151 126 143 201 210 195 1 83 176 163 135 155 209 
223 203 196 
I 
1 88 175 145 
I 
167 225 
2:i2 215 I 207 199 187 158 176 231 243 223 216 209 I 198 I 166 193 244 251 I 238 226 I 217 I 210 I 175 I 207 249 
After fIce-tllolc~ se]f-fcC'dmg was l11augm ated, 181st day 
Jan. 1 9 255 257 241 240 227 1 222 I 191 1 217 
258 
Jan. 29 265 271 2 5 7 25 1 241 236 1 206 2 264 Feb. 8 268 275 261 266 249 248 218 239 277 
Feb. 1 8 278 284 272 278 254 259 232 246 279 
Feb. 28 285 294 285 291 272 \ 274 247 262 292 
1\1ar. 9 296 304 297 299 286 288 263 I 274 298 
X 
I 
42 
47 
51 
57 
67 
77 
89 
97 
109 
117 
134 
145 
154 
168 
175 
I 
186 
192 
209 
216 
222 
229 
239 
248 
257 
257 
250th_J....M~1!l.... _~Q.4 __ _ 3p_ 304... 308 294 I 301 I 276 I 283 I~I 267 
* The probable error of the mean increase (gain in weight per pig) from 2 1h to 
8 month s was by lots as follow s : I, 193.0±5.3; II , 191.9±5.7; III, 176.1±8.1 ; 
IV 169.4±5.7; V , 160.5±3.9; VI, 147.0±1.0; VI[, 118.3 ±4.4; VIII, 142.9± 
3.5; IX, 192.6±2.9; X (five pigs ) 1 89.8 ±20.3, (four pigs omitting iII-doer), 
191.0±3.1. 
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INC REA S E - c.J£ TO a 1'10NT H5 
THe 
Fig. 8. Increas2 in weight of pigs from 2112 to 8 montr.s of age. 
TV eight Data fol' Entire Expel'iment: The average initial 
weight of the pigs by groups ranged within close margins, or 
from 41.5 to 42.2 pounds, a maximum difference of 0.7 pound 
per pig. Table X gives the progressive weights for 25 10-day 
periods for each group, showing clearly the relative sizes of the 
pigs during the 10-day intel'Yal thruout the entire experiment. 
A study of the figures in table X shows: 
1. The most rapid gains up to the one hundred eightieth day were made 
by the free·choice self·fed G1'OUp I (see fig. 8). This group, however, did 
not maintain the jead f1'0111 the very s:a1't, that honor going to Gl'OUp IX, 
which l'eeeivcel a qual't of buttm'milk pel' head daily in addition to the dry 
feed. The buttermilk group maintained the lead until Nov. 20, after which 
both the free·choice self·fed Group I and free· choice hanel·fed Group II 
took the lead. The weights at the one hundreel eightieth day were 252 for 
Group I, 251 for II anel 249 for IX . 
• \ '2! The free·choice Group Ill, fed twice daily, as well as the other com-
parable self-feel group (II) clearly excelled the feeding standard-fed groups 
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at the one hundred eightieth day. Up to this time the two Dietrich groups 
had made a better showing than those fed according to the German stand-
ards. The self-fed mixture, given in Group VIII, actually made a better 
showing than the "Wolff-Lehmann-fed pigs. 
3. After free-choice self-feeding was inaugurated, Jan. 9, the groups 
which were previously far behind came up rapidly so that after 70 days' 
of free-choice self-feeding, the differences in the final weights were much 
less than at 180 days. 
If pigR are" grown along" without mnch fattening for a long period 
and then put on full feed, they will often-if they haven't been too badly 
stunted by markedly deficient rations-make exceptional gains for a time 
or nntil they approximately catch np with other groups that have been 
self-fed or full-fed continuously. After the pigs started slowly catch up, 
they usually slow down. 
It must be bome in mind that the real comparison between methods of 
feeding occurred in the first 180 days, after which all of the groups wel'e 
given a chance to cat ch up by feeding them more adequately. 
Interpretation of F eed Data fOl" 180 Days: Table XI gives 
the principal weights, increase, feeds consumed and feed require-
ment data in pounds for the 180 days. 
Concerning Table XI these deductions may be enumerated: 
1. The pigs fed according to the feeding standards (Lots IV, V, VI 
and VII) did not make so good a showing in gains, feed consumption and 
feed requirement (considering the gains made) as did those of the free-
choice self-fed groups. The fl'ee-choice hand-fed groups also excelled the 
standard fed groups. The light weight pegs of 17ti pounds, such as in 
TABLE XI. S IX MONTHS' FEEDING AND GAINS REGORD 
(All weights in pounds) 
feed per pig Feed req. for 100 Ibs. gain Final I Average daily 
'v~~:t --,----,-----1----,---.---,------Gf.r°o~P :"'=y::.j-'"~"'L"_c_l._c-"'gOc-r~7~=n"'Ic_~:::\n=:~:'_~:,-.:::'_';_I-T-=~~,_;;~,C_--,;-1 T=-;o:-;t:;:ai;-I*---,-'~';;~"'.~"'I~I";;l_';_I-=}c.;;:_c;~~;"_;;;_:_';__T-'a"_;a,~""::..,--_';_1 =-T.;:-ot;;::a:c-l -,,-
1---253 4.47 .46 .47 5.40 1382.0 39.7 40.0 462.0 
(1.17) 
II 251 4.35 .58 .55 5.48 374.7 50.0 47.0 472.0 
(1.16) 
~: m::: ~.~~ .~~1 ~11111 ~l~~ ~~.~ ~~.~ ~~~.~ (0 .93) 
VII 175 2.74 .37 .37 3.49 370.9 49.8 50.4 471.6 
(0 .74 ) 
VIII 207 3.77 .21 1 .25 4.23 408.7 22.7 27.2 459.0 
(0.92) 
IX 249 4.44 .27 .31 5 .22t I 385.2 
(1.15) 
23.1 
52.1 
27.0 452.7", 
52 .3 494 .6+ X 216 3.53 .50 .51 4 .78t 1365.1 
________ (,~0~.9~7L)_L ___ ' ____ ~ ____ _L ____ ~ ____ L_ ____ L_ __ ~ ____ _ 
* Bone ash, charcoal Rnd rock salt included in the total, details for which see 
"ppendix. The total of the three minerals per 100 pounds gain amounted to less 
than one pound in all instances. 
t Buttermilk per pig daily averaged 1.91 lbs., fresh, or .19 lb. on a buttermilk 
powder basis; this figures 165.9 Ibs. fresh and 16.6 Ibs. dry powder for 100 Ibs. gain. 
1: Alfalfa fed this lot amounted to .24 lb. per pig daily and 24.8 Ibs . per 100 lbs. 
The figures as given include the alfalfa. . 
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Group VII, may not be justly compared in feed requirement to 253-pound 
pigs, as in Group I, because the former is more like a stockel' pig, whereas 
the latter is a marketable fat hog. 'l'he 175·pound pigs must be canied 
to the 253-pound weight before they approach the just comparison point 
and, even then, because they have taken longer to get to the 253-pound 
weight, they are mOl'e l'angy, have a lower dressing percentage and, hence, 
do not yield so mu~h meat. Later we shall compaTe all pigs at the 225·pound 
weight. 
2. The buttermilk·fed pigs made the best showing of all t he groups; 
altho the single quart of buttermilk pel' pig daily did not increase the gains 
over and above dry feeding (compare " 'ith Gl'OUp I), it did lessen the dry 
feed requirement about 10 pounds. 'fhe pigs that received buttermilk re-
quired, in particular, less wheat middlings and tankage for 100 pounds of 
gain than did the dry-fed pigs of Gl'OUp I, which are directly comparable. 
In practice this finding is important becanse if one is feeding COl'll, tankage 
and middlings from separate self-feed81's, he will know that if he feeds 
buttermilk an the side the pigs will likely cat less of the dry protein supple-
ment. 
In this particular instance, figuring in round numbers, 166 pounds of fresh 
buttermilk saved or replaced 16.6 pounds of wheat middlings, plus 13 
pounds of tankage, but lost 3.2 pounds of COl'll (compare Groups I and 
IX in feed requirements). Stated differently, 166 pounds of buttermilk 
plus 3.2 pounds of COl'll were equivalent in feeding value to 16.6 pounds 
of wheat middlings plus 13 pounds of tankage. Thus 100 pounds of fresh 
buttermilk and 1.93 pounds of com meal was equivalent in feeding value, 
under the conditions of this experiment, to 10 pounds of wheat middlings 
plus 7.83 pounds of tankage. The cl'Ude protein in the buttermilk and COl'll 
figures 3.66 pounds and in the tankage and middlings, 6.37 pounds. This 
shows that the protein of the buttermilk helped the whole mtioll enough 
so that it replaced more protein dmn it cal'l'ied. One pound of buttermilk 
protein replaced 1.78 pounds of corn, wheat middlings and tankage proteins. 
Figurcd on the same basis as f or the crude protein, 3.66 pounds of trU<l 
proteins of buttennilk and ~Ol'll replaced 4.49 pounds in the wheat middlings 
and tankage, or 1 pound of true protein from buaermilk substituted 1.33 
pounds of the same ~onstitucnt in COl'll, wheat middlings and tankage. Since 
Lots I and IX gained at practically the same rate thruout the experiment, 
it is believed that the mtions were similarly adequate other than in pro-
teins. Therefore, the proteins of buttermilk when added to the proteins 
of COl'll, wheat middlings and tankage increased their physiological efficiency. 
(See table XX.) 
3. The Kellner pigs had a low feed requirement, but not so low as did 
the free-choice self-fed pigs. Note that the straight "mixtme-fed" pigs 
(Lot VIII), for which no adjustments were made in the nutritive mtio or 
other relationships in order to propOl,tion the ration so as to make it more 
acceptable to the pigs, required less feed and did as well or better than 
the pigs fed according to the best of the other feeding standards. Yet 
pmctical observation at the time showed that these pigs on the mixturp. 
were not fed adequately. 
The various groups were ranked in their degree of fatness at 
the close of the one hundred eightieth day of feeding (prime, 
choice, good, medium, fair and inferior were the grades used). 
The approximate rank in condition with estimated degree is given 
herewith. 
Gro'~p Number 
I 
II 
III 
IV 
Rank 
1·2 
3·4 
3-4 
5 
Estimated Degree of Oondition 
Choice to Prime 
Choice to Prime, minus 
Choice to Prime, minus 
Choice 
V 
VI 
VII 
VIlI 
IX 
X 
6 
7-8-9 
10 
7-8-9 
1-2 
7-8-9 
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Good 
Medium to Good 
Medium 
Medium to Good 
Choice to Prime 
Medium to Good 
At this time the free-choice self-fed group and the free-choice 
hand-fed groups, barring the alfalfa-inhibited Group X, were 
the best in finish or condition; the standard-fed and mixture 
self-fed groups were in the poorest condition_ Furthermore, at 
the end of 180 days of feeding, when the pigs were 8% months 
old, those that should have dressed the highest were in the high-
est condition, such as Groups I, II, III and IX_ 
The groups will be studied in the following pages, carrying 
the pigs up to 225 pounds average weight in order to eliminate 
as far as possible the potent factor of marketable size_ 
Effect of PTevions ExpeTimental Rations on Self-feeding Gains: 
The effect of introducing at the end of 180 days of feeding the 
free -choice self-feeding method for Groups II to VIII, inclusive, 
(Groups I, IX and X were continued as before) was rather sur-
prising-all gTOUpS which had been previously fed according to 
. the standards immediately started gaining much faster_ Further-
more, the feed consumption of all four groups previously fed 
according to the standards increased, and the feed required per 
100 pounds gain decreased, indicating that the free-choice method 
of self-feeding was a marked improvement over the spec:fi:::d 
feeding according to the various standards. 
Table XII is presented to show the effects of the change upon 
the average daily gain. The gain during- the 30 days before the 
change is considered as 100 percent and is compared with the 
gain during the 30 days subsequent to the change. It is a com-
parison of the periods, Dec. 10 to Jan_ 9, and Jan_ 9 to Feb_ 8_ 
TABLE XII. E]}'PECT ON GAIN CHANGING TO PREE-CHOJCE-SELF FEEDING 
Average daily gain per pig 
B ofon After 
I 
PercentagJ cOl)1parison 
changoJ ehang3 on basi s of period before 
Gronp lbs. lbs. change equaling 100 
I -Free-choice 
I 
self-fed .977 .519 53.12 
II Free-choice 
hA,nd-fpd 1hree times .933 .815 8 7.35 
III Free-choice I 
hand-fed two times 1.160 .773 I 66.64 
IV Dietrich I 
standDrd 1.000 1.315 I 13J.50 
V Dietrich I 
standard .967 1.065 I 110.13 
VI Kellner I 
standard 1.160 1.280 
I 
110.~4 
VII Wolff-Lehmann 
standard I 1.000 1.440 144.00 VIII Self-fed i 
mixture 1.360 1.062 
I 
78.09 
IX Free-choice 
self-fed buttermilk I .823 I .910 110.57 X Free-choice 
selt-fad breeding_ 1 .000 .779 I 77.90 
------
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Naturally the self-fed pigs of Group I, being in a high degree 
of finish, decreased rather than increased in rate of gains (the 
relative gains before and after were as 100 to 53.12). This may 
be considered as a check lot, alongside Groups IX and X, whose 
rations, likewise, were not changed. Group IX slightly increased 
in gain, but Group X did not. The average of the unchanged 
Groups I, IX and X was 80.59 percent as much daily gain after 
the change as before. Any group, therefore, that exceeds 80.59 
may be considered as responding beneficially and any under that 
figure as not benefiting. On this basis, all four standard-fed 
groups greatly benefited by the change. 
The results with Groups I, II and III, which were fed alike 
except for self versus hand-feeding, show that self-feeding was 
an improvement over hand-feeding' because both Groups II and 
III increased their rate of gain proportionately over the straight 
self-fed Group I. 
The comparative percentage change in the average daily feeds 
per hog and in the total feed required for 100 pounds gain is 
shown in table XIII. 
The check group ate 85.6 pounds of feed as compared to 100 
in the previous period of 30 days. The average total of all feeds 
consumed for the three unchanged groups (I, IX and X ) was 
90.1 percent. A comparison with this average shows that all 
TARLE XIII. EFFECT ON THE FEED CONSUMPTION AND REQ UIREMENT 
I N CHANGI NG TO FREE·CHOICE SELF·FEEDING 
Average daily feed pOl' pig 
Corn 
I I M~at I Total " ,""heat meal all 
middlings tankage_~ds 
Total feed reQ aired 
for 10) pounds l[ain 
PERCENTAGE CH ANGE 
I Free-choice 
self·fed 84.2 198.0 
II Free-choice 
hand·fed 
three times 98 .0 37.8 
III Free-choi ce 
h a nd·fed 
two times 106.0 52.4 
IV Dietrich 
standard 101.8 52 7. 0 
V Dietrich 
standard 90.1 472.7 
VI K ellner 
s tandard 112.2 96.1 
VII Wolff·Lehmann 
standard 135 .5 11 3.0 
VIII Self·fed 
mixture 97.1 81. 8 
IX Free-('hoice* 
self· fed 
(buttermilk) 85.7 463.9 
X Pl'ee-choice* * 
self· fed 
(breeding) 97 .0 32.5 
• The buttermilk percentage is 100. 
** The alfalfa percentage is 95 .5. 
I I 
I 
90.6 I 85.6 161.2 
I 
I 3 9.9 
I 
91.4 104.7 
I 
I 54 .0 99.3 149.0 
I 
258.8 I 112.7 85.7 
438 .2 I 103 .2 93. 7 
I 20.0 
I 
101.2 91.7 
I 69.7 127.8 88.6 
I 
139.0 98.8 126.5 
i 
109.0 8 9.5 81.0 
8 7.2 95,1 121.7 
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groups which were changed to the free-choice self-fed method of 
feeding, II to VIII, inclusive, benefited, some markedly. All of 
the standard· fed groups were stimulated in appetite by the 
change, a favorable indication. 
The tankage consumption increased from 100 up to 258.8 per-
cent in the first Dietrich Group IV, and to 438.2 percent in the 
second. Evidently they had not been getting enough tankage. 
On the other hand, the Kellner pigs ate only 20 percent as much 
as before, but their tankage allowance the previous 30 days was 
much too high, which accounts for the marked readjustment. 
The Wolff-Lehmann pigs reduced their tankage consumption for 
a similar reason down to 69.7 percent of their previous consump-
tion. This decrease was less because they were not getting as 
much as the Kellner pigs. The mixture-fed pigs (VII), on the 
other hand, whose consumption was low before the change, in-
creased their consumption from 100 up to 139 percent. 
A study of the various readjustments made convinces one that 
the pigs knew better than the makers of the standards just what 
feed to select in greater or lesser quantity to meet the pigs' in-
ternal needs. This is evidenced by the greatly lessened feed re-
quirement per unit gain in all of the standard-fed groups after 
the change was made. They consumed only 85.7 to 93.7 percent 
as much feed per unit gain in the period after as compared with 
the period before the change in the feeding method. 
The hand-fed groups showed beneficial results after the 
change, both in quantity of feed eaten and in the lessened .feed 
requiremen t. 
InteTpTetation of Data to the 225-pound Avemge W eight : 
Table XIV gives the days required, gains, feed consumption and 
feed requirement data covering the period from July 13 until 
each group averaged 225 pounds per pig. 
TABLE XIV. FF:F:DING AND GAINS RlWORD IN POUNDS UP TO 
225 POUNDS AVERAGE WEIGHT J--- Av. - Average daily pounds feed Pounds feed required for No. of daily pu pig 100 pounds gain days' gain 
feeding per I ,Vheat I I I Wheat, I I Group re- nig rnid- r:rank- mid- Tank-
No. quired (lbs.) Corn dlings age Total* Corn dlings age Total 
1- -1 - 152 1- 1.21 - - 4.29 - 1- .54 - - - .52- 1 5.36- 1-356~CI44~8143:sr444.7-
II 153 1.20 4.22 .64 .58 1 5 .43 350.8 52.8 I 48.3 I 452.1 
In 172 1.07 3.85 .70 .53 I 5.09 359.8 65.8 49.5 475.4 
IV 179 1.03 4.01 .46 .45 1 4 .92 391.3 44.5 43.5 \ 479.6 
V 188 .97 3 .92 .43 .44 1 4.80 I 402.8 1 44.6 I 45.0 492.8 
VI 192 .95 3.36 .53 .54 1 4.44 352.6 I 55.3 56.9 465 2 
V.II 215 .85 3.23 .39 .36 1 3.99 1 379.7 46ill3 42liJ4 468 .8 
VIII 198 .9:3 3.87 .2l .28 1 4.36 417.5 22.7 29.7 4703 
IX 151 1.21 4.29 .31 .35 1 5.14t 353.2 I 25.6 28 .6 423.5t 
X 195 .94 3.61 .47 .49 4 .81t 383 .7 ~.7 52.1 ~~ 
* The bone ash, charcoal a.nd l'ock salt aTe in cluded. The amount daily pe.r ~ig in 
no instance exceeded 0.004 lb., whi ch figure s less than 0.5 lb. per 100 Ibs. gam In a ll 
grQl1Ds. . 
t ButteTluilk per pig daily averaged 1.89 Ibs. fresh or 0.1 9 lb. on a buttermIlk 
powder basis; this figures 156.0 Ibs . fresh, 15.6 Ibs. dl:y powder for 100 lbs. gam. 
+ The alfalfa fed this lot amounted to 0.24 lb. per pIg dally and 25.4 Ibs. per 100 
pounds gain. rrhe figures as given include the alfalfa. 
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These following deductions from table XIV may be of interest: 
1. The best showing in gains was made by the two f ree-choice self-fed 
groups I and IX. '1'he quart of buttermilk per head daily had no efl'ect 
on gains. However, yellow corn was fed. Had white corn been allowed 
the buttermilk addition might have shown an advantage. 
2. The standard-fed groups (II to VII) all took mOl"e time to reach 
225 pounds than did the two free-choice lots I and II with which they are 
generally comparable, and lot III with which they are directly comparable. 
Tho best standard-fed (Dietrich Group IV) took 179 days, whereas the 
similarly handled hand-fed Group III took only 172 days, a clear gain of 
7 days due to free-choice feeding . Note that the standard-fed groups, V, 
VI and VII, ha d not reached the 225 pound weight goal when free-choice 
self-feeding was inaugmated on the one hundred eighty-first day. 
3. The feed consumption daily p er pig clearly favors free-cho:ce feeding 
and also self-:eed ing . 
"<L The feed requil'ement shows up b est in the two free-choice self-fed 
groups, I and IX, with the three-times-a-day-fed Group II following closely. 
The two standards that made the poorest showing up to 180 days, namely 
the Kellner and Wolff-Lehmann, show a favorable feed requirement, but 
th is mnst be disconnted because it is not known how much of this favorable 
showing is due to free-choice feeding, how much to self-feeding, how much 
to rapid growth fo ll owing prolonged limited feeding and how much to a 
probable lesser p ercentage of dry matter in the resulting marketable body. 
5. Gronp X p:gs were held back because of the inhibitor, ground alfalfa, 
b eing included in the ration in such manner that they had no choice but 
to take it. If thi s had not been mixed with th eir feed, probably these pigs 
would have gained as rapidly as Group I, self-fed on concentrated feeds. 
Even a little fiber may cause markedly less gains, less feed consumption 
and a greater feed requirement (compare Groups I and X). Altho only 
0.24 pound of alfalfa ,,"as fed per pig daily, and altho the alfalfa in this 
exp2nment canicd only 31.58 percent fiber, yet the iutroduction of this 
amount of fiber, less than a tenth of a pound per pig daily, showed the 
inhibitions noted. 
Interp1'etation of Data to the 300-pound Average: The final 
Fig. 9. The self-fed versus hand-fed, free choice, pigs compared. 
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'l'ABLE XV. FEEDING AND GAINS REGORD I N POUNDS UP '1'0 
3 00 POUNDS AVERAGE WIElGFlT 
Av. Average daily pounds feed Pounds feed req uired for 
No. of d a ily per pig 100 pounds gain 
days' gain 
feeding per I Wheat I I Tota l * IW heatl I Group 1'e- pig mid- T an k- rr~id- Tank-No. quired (lbs.) Corn dlings age Corn dhn gs age Total 
I 247 1.05 4.55 .3 7 .38 I 5.31 
I 
434.3 34.9 
1 
36.7 I 507.1 
II 236 1.09 4.56 .46 .45 
1 
5.48 41 7.0 42.2 10.9 500.8 
III 245 1.06 4.37 .58 .42 5 .38 413.7 55 .1 39.9 509.0 
IV 241 1.01 4.48 .46 .38 5.3 1 417.6 43.0 I 35.0 496.2 
V 269 .96 4.28 .48 .39 I 5 .16 445.2 49.7 140.5 536.3 VI 250 1.04 3 .91 .57 .45 I 4. 93 1 377. 5 54.8 43.1 
476.2 
VI[ 26 7 .97 3.80 .38 .34 I .52 392.5 39.3 34.7 467.3 
VIII 265 .98 4.13 .23 .28 4 .65 423 .3 23.0 ! 29.0 475.9 
IX 243 1.07 4.50 .23 I .26 I 5.20t i 422.2 21. 7 24 .4 48S.2t X 293 .S8 3 .90 .33 .44 4.95+ 442.5 37.6 49 .5 560.7t 
* Th e bone ash, charcoal and rock salt are incl uded in the total. In no instance, 
however, did the average daily consumption excE:ed 0.02 lb. for all three. See appen-
dix for further details. 
t Buttermilk per pig daily aver aged 1.93 Ibs. fresh , and 0.19 lb . dry basis; the 
r equirement per 100 lbs. gain equals l S1. 6 lbs. fresh and l S.2 lbs. dry bas is. 
+ l" lfa lfa daily included 0 .27 lb. per pig, and 30.2 lbs. per 1 00 lbs. gain. 
consummation of the "300-pound average weight per pig" by 
groups marked the closing of the experiment. By this time the 
pigs in the various groups had approached a high marketable 
finish and it seemed advisable for practical considerations not 
to go further with the feeding. Now-a-days there is little need 
for applying a standard to fattening young hogs weighing over 
300 pounds. 
Table XV gives the days required, gains, feed consumption 
and feed requirement data covering the period from July 13 
until each group averaged 300 pounds per pig'. 
The following deductions are made from table XV: 
1. The ' three-full-fed f ree-choice groups, I, II and III, reached 300 
pounds with very similar gains and feed requirements, thus showing the 
equalization that was made after self-feeding was started, 
2. Only one standard fed group (Dietrich IV) required as few days 
as the free-choice groups mentioned; this group also showed a lessened 
feed requirement, altho it was close to the others. Evidently water at free 
will was more acceptable than water weighed and allowed according to the 
standard (compare Groups IV and V). 
3. Groups VI and VII, altho requiring more time than the self-fed free· 
choice groups t o reach 300 pounds, nevertheless, did so on a lessened feed 
requirement. It has been the authOl' 's experience in this and other re-
searches that if one is to proceed to 300 pounds Or over with medium type 
or smaller pigs, often better results are obtained by not g iving' all the feed 
the pigs will take free-choice self-fed style from the start, thus cluttering 
the pigs up with internal inm't fat and excess weight in proportion t o 
feed capacity. Concerning this point, the author wrote in considemble 
detail in 1916 (15). 
4. The group receiving alfalfa (pmctically a quarter of a pound per 
pig daily) continued its inefficient record to the finish. This group was 
not fed enough of the bulky alfalfa, hence the pigs fattened too much 
for breeding stock. . 
5. Tho mixtme-fed pigs, Group VIII, made equally as good a showing 
as the two feeding standard groups, VI and VII (Covered in 3 above). 
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Fig. 10. The vVolfI-Le hmann standard pig Fig. 11. R~pr€.s:ntativc fat pigs {rem 
does not show the marketable the mixture-fed group VIII. 
finish shown by the free-choice 
fed pig on the right. 
The mixture-fed pigs required practically the same number of days and 
about the same total feed per hundred of gain but had the big advantage 
of requiring less protein supplement. Can it be said that the Group VIII 
pigs were scientifically well-fed, other than that they were self-fed ~ Is 
it best if we are going to hold pigs back, "grow them along," as it were, 
to limit the gains by handicappillg the pig by standardizing the feed mix-
ture in certain fixed definite proportion ~ The author does not think so. 
It is his opinion that Groups VI, VII and VIII made their good showing 
up to 300 poundR bec:mse they were grown along slowly aud then finished 
by allowing a more adequate ration as regards quality and quantity after-
wards, and not because their ration dming the "holding p eriod" was ex-
ceptionally good. 
The rank of the various groups in fatness at the time the 300-
pound weight was reached was approximately as follows; 
G,'OUP Numb." 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
Rank 
1-2 
6 
7- 8 
4-5 
4-5 
3 
9 
7-8 
1-2 
10 
Estimated deg,'ee of condition 
Prime 
Choice t.o prime 
Choice plus 
Choice to prime, plus 
Choice to prime, plu 
Prime lninus 
Good to choice, plus 
Choice plus 
Prime 
Hood to choice, minus 
The above condition rankings are on the basis of prime, choice 
good, medium, fair, common and inferior. The prime hog is an 
exceptionally fat one and the inferior hog an exceptionally thin 
one. 
The M ensured Growth of the Pigs: Measurements':' in inches 
were taken of all the pigs when they were 8 months of age and 
also when the groups averaged approximately 225 and 300 
* A paper coverin g more detailed growth studi es and statistical interpretation s is 
being prepared by the author and Dr. F. A. H ays. 
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TABLE XVI . LE'yG1'H OF PiGS AT 8 MONTHS OF AGE 
G,"OUP I 
No. 
Actual age 
in days 
B'Jdy length, ear bas'e to 
tai I root , average inches I Relative length on basi s ·of ~roup I consid ered as 100.00 I-I II 
II[ 
IV I V 
VI 
VlI 
liII I 
X** 
239 
243 
240 
239 
242 
241 
241 
240 
241 
237 
* * Based on 4 pig-s onJy. 
45.51 
44.33 
45.97 
44.29 
44.53 
42.44 
40.47 
41.61 
46.85 
45.28 
I 10·0.00 
I 97.40 101.01 97.31 
97.84 
I 93.24 
I 88.92 
I 91.43 102 .94 
I 99.49 
pounds per hog. That the free-choice pigs, self-fed and hand-
fed, grew more rapidly than the standard or mixture-fed groups 
in the first five and one-half months of the test is shown clearly 
in table XVI. 
These data show that the free-choice feeding certainly stimu-
lated growth in length much more than did specified feeding 
according to the standards. The most growth was made by the 
buttermilk fed Group IX, showing 2.94 percent more than a 
similar group (I ) without buttermilk. On the basis of 100 units 
growth by Group I, the standards feeding caused growth rang-
ing from 88.92 to 97.31. Group III, with which the standards 
may be compared on a hand-fed basis, figures 101.01 in compari-
son. The Wolff-J..Jehmarul and Kellner groups made a poorer 
showing than the Dietrich groups. The mixture-fed ration allow-
ance, Group VIII, did not show up nearly so well as free-choice 
feeding under similar conditions, comparing as 91.43 to 100.00 
in growth. 
To permit further study on the length of body, table xvn 
presents the average measurements at approximately 225 and 
300 pounds average weights for the groups. 
TABLE XVIl. LENGTH OF PIGS AT APPROXIMATELY 225 AND 300 
POUNDS WEIGHT 
GI"OUp 
No. 
I 
II 
HI 
IV 
V 
VI 
vn 
VIII ]x 
x* 
At 225 p ounds 
Bodl' 
Actual length , 
age in ear base to 
days for tail root. 
measure· average 
ment inches 
-------
229 
234 
246 
256 
268 
271 
294 
276 
230 
233 
44.17 
45.12 
46.06 
44 .92 
44.88 
45.47 
44.96 
4 5. 75 
44.33 
44 .g9 
* Ra sed on 4 pigs only. 
weight At 
-----
Relative 
leng th on Actual 
basis of age in 
g roup I days for 
consi dered measure-
as 100.00 ment 
- _. 
100.00 II 323 
102.15 II 317 
104.27 II 317 
101.69 II 3 1 8 
101.60 II 342 
102.94 II 329 
101.7 8 II 346 
103.57 II 343 
100.36 II 322 
101.85 II 310 
300 pounds weight 
Body R elative 
length. len g th on 
ear base to basis of 
tail root, group I 
a.verage cons idered 
in ches as 100.00 
-
- ----
-50.1 5 
49.33 
50.52 
49. 39 
51.53 
48.50 
51.22 
50.44 
49.11 
48 .92 
100.00 
98.36 
100.73 
98.48 
102.75 
96.70 
102.1 3 
100.57 
97.92 
97.54 
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The pigs at 225 pounds as well as at 300 pounds weight were 
of varying ages, because it took some of them longer than others 
to reach each specific weight. At 225 pounds weight, for instance, 
Group I pigs were 229 days old when measured, whereas at the 
same approximate weight Group VI pigs were 271 days of age. 
Naturally, therefore, Group VI pigs, being older, should measure 
the longer. At 300 pounds weight, the ages of the pigs measured 
ranged from 310 days in the ease of the four pigs in Group X, 
to 346 days, the average of five pigs in Group VII. 
These length figures show the condition when the pigs weighed 
approximately 225 and 300 pounds. At 225 pounds the standard-
fed pigs actually measured less in length than those of the free-
choice hand-fed Group III, with which they are directly com-
parable. This was true even tho all of the standard-fed pigs were 
older than the free -choice pigs of Group III. This difference is 
significant, showing that free-choice hand-feeding promoted more 
growth in less time than did the feeding standards, hand-fed. 
At 300 pounds weight, the lengths seemed to have been largely 
equalized, principally because the ages were more nearly the same 
than at 225 pounds. However, the older pigs at this weight, as 
Dietrich Group IV, Wolff-Lehmann Group VII and mixture-fed 
Group VIII, show as large or larger measurements than the 
younger pigs of Group III, free-choice fed. The foregoing 
measurements certainly refute the idea that free-choice feeding 
of fattening pigs inhibits growth in length. 
A D etailed St1~dy of N1drients Consmned and Reqt~i1-ed by 
Pigs: The general efficiency of free ,choice as well as self-feeding 
has been amply demonstrated#' in the foregoing pages. The 
question now arises as to how pigs fed free -choice style, either 
self-fed or hand-fed, compare with the other groups in this ex-
periment in daily consumption and requirements of nutrients 
per 100 pounds gain. Surely if groups that are self-fed free-
choice style make such a good comparative showing as in this 
and other experiments, then a careful analysis of the nutrients 
consumed daily, as well as those required per unit of increase, 
should show us the way to a better standard and method of feed-
ing than we now possess. , 
Dry Matte1- Cons10nption l'hnlOtLt PeJ-iod: The first analysis 
deals with the daily dry matter consumption per pig and per 
hundred pounds live weight. The dry matter consumed daily 
per pig during the various periods, July 13, 1915, to March 19, 
'1916, is shown in table XVIII. 
The question as to the time within the period that each group 
consumes its maximum of dry matter daily per pig is dependent 
upon the intensity of full-feeding and the period of its duration. 
Pigs that start out on full-feed immediately following weaning 
reach their maximum feed consumption sooner than pigs that 
are limited for a time and full-fed later. 
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TABLE XV /ll. DT~Y MATTER CONSUMPTiON i N POUNDS PER PIG DAILY* 
(Excludi ng the very small amounts in bone ash, charcoal and salt ) 
THE GROUPS 
P eriod of 
feed i n g I I I I I I days I II 1 III IV V VI VII VIII I X X 
1-3 0 I 2.33 I 2.67 I 2 .3 1 I ; 2"'3--';--:;1-'.9;:-:7:-'01-'2"'.';:0-':-8 -7--::'1-::. 8"=7;-';--:;1-=-. 7"'90-\--2"".-;;:5::'4--',--""'2°.:2"'2-
31-60 13.60 3.86 3 .28 ~. 1 9 2.80 I 2.77 2 .1 3 2 .32 3.84 3.19 
61-90 5.46 I 5.r,2 4.55 I 4.ll 4.1213.33 2 .65 3.55 5.ll 4.54 
9 1-120 (6.2 1) I (6.27) 1 5.71 1 5 .82 5.57 4 .06 3.25 4 .71 (5 .77 ) (5.18) 
121-150 5. 73 5.33 ( 5 .83) (5.91) 5.51 4 .83 3.80 4.68 5.03 4.96 
1 51-1 80 ___ 4.83 4.97 .. ~~~--"-5.",5-,,,5_,_-=4,,-,. 5,-,0,--,-~4=--,.-=-93,,--,-=:4:.:o.8:=1--,--=4:.::.8::.:9,--
After Free-Choice self-feedin g was in augurated, 1 81st day 
1 81-210 4.14 4.54 5.16 5.69 
'" rT"~1 w -.:wI .." 4 .64 2ll-240 4.49 4.96 5.27 5.50 5.62 1(5.79) 5.85 (5.39) 1 4.53 4.53 
24 1-250 4.36 4 .08 5.14 5. 1 6 (5.78) I 5.16 (6.08) 5.30 4 .16 3 .92 
1-180 4.69 4.7 7 4..48 4.28 4.13 I 3.77 3.04 3.66 4.52 4 .1 6 
1 -250 4.59 4.71 4.68 -1 .63 4.48 1 4 .28 3 .82 4.09 4 .48 4.26 
* ~1aximums are in par0ntheses . 
* In 1916·J 7 the author con ducted another experiment, the results of which are in 
process of interpretation for eaTly publi cation, in w hi ch 10 groups of fi ve pigs each 
were again fed in a m anner similar to this experiment. F ree-Choi ce, self- and hand-
feedin g were compar,;-d with on e Dietrich, one Ke lln er an d two \Vo]ff-Lehmann stand~ 
ard fed (one based on the ratio and the other on specified nutri ents per unit weight 
daily) groups . F ree-choice feed in g as well as Free-choi ce self-feedin g again showed 
~uperiority. savin g t ime as well as feed. The organic feeds used were corn and 
tankage, w ith charcoal and 1'o.::: k f ult allowed in separate feeders. 
Hand-full-fed pigs, especially when hand-fed twice a day, 
usually reach their maximum consumption somewhat later than 
when self-fed. Compare Groups I and III for instance, self-fed 
and hand-full-fed twice daily, respectively, and note that the 
maximum consumption in the self-fed Group I came in the fourth 
month of feeding, whereas in the hand-fed group it came the 
fifth month. 
In the Dietrich groups maximum consumption occurred in the 
fifth month where water was allowed f ree-choice, whereas in the 
other Dietrich group the maxi.mum consumption did not come 
until after self-feeding was inaugurated on the one hundred 
eighty· first day, or not until the ninth and tenth months. The 
period of maxi.mum consumption was likewise postponed to a 
later period in the Kellner and Wolff-Lehmann groups. The 
mixture-fed Group Vln reached maximum consumption after 
free-choice feeding was inaugurated, or in the ninth month. 
Group IX reacted the same as Group I, maximum consumption 
coming in the fourth month. The buttermilk did not hasten 
maximum consumption. Tr..e alfalfa Group X, which we may 
now appropriately designate as "the fiber group," also self-fed 
free-choice, reached the peak in the fourth month and the pro-
portionate consumption thereafter tended to bear a closer rela- . 
tionship to the peak point than in Group 1. Fiber apparently 
prolongs the period of relatively high consumption. 
For the first 180 days, the largest dry matter consumption of 
any of the groups occurred in I and II, free -choice self-fed and 
free -choice hand-full-fed thrice daily. The latter led with 4.77 
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pounds per pig as compared to 4.69. The least consuming group 
was the Wolff-Lehmann Group VII, with 3.04 pounds. Of the 
hand-fed groups fed twice daily, free-choice feeding in III caused 
a greater consumption of dry matter than in any of the standard 
groups, or 4.48 as compared to 4.28, a lead of not quite 5 percent. 
That fiber inhibited feed consumption most markedly is shown 
by comparing Group X with I. The addition of the alfalfa meal 
decreased commmption 0.53 pound daily per head, or from 4.69 
to 4.16 pounds, approximately 11 percent. Fattening pigs should 
have but little if any fiber. The maximum fiber consumption be-
fqre detrimental effects become apparent is about 2 percent of 
the total ration. 
Generally speaking, liberal dry matter consumption is desirable 
because the morc dry matter of efficient nutritive quality the pigs 
eat, within reasonable limits, the greater and more economical 
will be the gains, providing all pigs are fed to the same weight. 
The daily dry matter consumption per pig gives a different 
set of figures, a less desirable set for certain comparative pur-
poses, than the dry matter consumption per 100 pounds of 
live weight. The latter figures are in ratio to the changing live 
weight. The more rapidly the live weight changes, the greater 
is the disparity between the two sets of figures. The amount of 
dry matter consumed on the basis of unit live weight is shown 
in table XIX. 
The dry matter consumed per 100 pounds live weight, both 
with self-feeding and hand-feeding when properly done, shows 
no great difference during the first two months following wean-
ing. Ho,vever, consumption may decrease somewhat from the 
start, or it may increase slightly during the second month. After 
this period the dry matter consumption per unit live weight 
gradually increases. 'When one considers the 10-day periods, 
consumption often increases under superior feeding, beginning 
TABLE XIX. DRY MATTER GONSmfPTION IN POUNDS PER 100 POUNDS 
LIVE WEIGHT DAILY* 
(Excluding the n egligible amounts in bone ash, charcoal and salt) 
--I THE GROUPS 
P eri od of --,-- -,-----.---, - - ---r--fed~;.~ g I I II III I IV I v I VI I VII I VITI I~I~ 
1·30 4.57 1 5.24 I 4.81 4.23 4.10 1(4.24) (3.98) 3.89 (4.88) 1(4.53) 
3 1·60 (4 .80) (5.01) (4 .82) 4.23 4.24 I 3 .96 3.49 3.74 4.63
1
4.43 
61 ·90 4.71 4.76 4.42 (4 .3 7) (4.38) / 3.47 3.31 (4.28) 4 .15 4.41 
91 ·120 3.79 3.80 3.97 4.34 4.22 3.22 3.10 3 .99 3 .41 3.75 
1 2 1·150 2 .8 0 ~ 3 .1 0 3 .3 4 3 .24 I 3 .08 2 .90 3 .12 2.44 2.90 
1 51·180 ~. 2.10 ~~L~3L 2.88 2.80 2.66 2.03 2.43 
After Free-Choice self·feeding was inauguratEd, 181st day 
1 8 1-210 1 1.59 1.Z2 / 2 .071 - 2-:-3c,-n , C '-2:4<C1-2-:-90 1- 2 :24--/ 1.6S- 11- 2.05-
2 11-240 1.59 1.12 1. 8 9 1.94 2.13 I 2.17 2.44 2.11 1.58 1.80 
241-250 1.45 1.451 1.71 1.70 1 2 .2 7 I 1.76 2.26 1.90 11.38 1.50 
1-1 8 0 3.33 3.27 3 .47 3.5 1 3.47 I 3 .28 3 .10 3.42 3 .1 2 3.38 
~ __ ~~~1~.L ~,8.L1~~~.&Q...~ 2.7_? 
* ].iaximums al'e in parentheses. 
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the first 10-day period and may continue increasing for 30, 40, 
50 or even more days, depending upon the method of feeding, 
rations used, as well as type, capacity and gaining ability of the 
pigs. Pigs rightly bred and fed often increase more rapidly in 
alimentary capacity, than in .live weight for a month or more 
following weaning, but with inadequate rations (or methods of 
feeding) even well-bred pigs may extend the period at which 
the maximum of feed per unit of weight is ingested. 
The air-dry feed consumption for Group I for 11 10-day 
periods, or until there was a noticeable decline, was, respectively, 
5.93, 5.14, 4.77, 5.10, 5.59, 5.69, 5.55, 5.80, 4.98, 4.91 and 4.27. 
In a similar group fed in another year, the figures on the same 
basis for the first 11 periods were 4.22,4.61, 3.74, 5.10, 5.06, 5.56, 
5.51, 4.98, 4.50, 3.50, 3.95 and 2.74. The dry matter, of course, 
would run proportionately. 
The foregoing figures are emphasized because the question 
arises as to whether or not one should allow more feed per hun-
dred pounds live weight in the second, third or succeeding 10-day 
periods for a couple of months following weaning. This de-
pends upon degree of fatness, type of pigs and other contributing 
factors. If the pigs will take the feed and are intended for a 
comparatively early market, then the increase is in order. 
Ordinarily a 4 or 5 percent dry matter ration, which means 
4 or 5 pounds to a hundred pounds live weight daily during the 
first month or two, is approximately a full feed. Much later, or 
when the pigs approach approximately 300 pounds in weight, 
1% to 2% percent would be classed as a full-feed, generally 
speaking. The better the pigs are fed, the sooner they reach their 
maximum consumption. If, on the other hand, the pigs have 
been held back until they reach 300 pOlmds, are thin and possess 
much potential capacity at that time, they may eat a 3 or 4 per-
cent ration for a few weeks before they start on the decline. 
After free-choice self-feeding was inaugurated, one group 
especially (VII-Wolff-Lehmann) showed an enhanced feed con-
sumption, because it had been fed inadequately or "held back," 
and had thus developed size and capacity without excessive fat-
ness in the 180 days of standard requirement feeding. Naturally, 
therefore, when more adequate feeding thru free-choice self-feed-
ing was offered, the feed consumption per pound of live weight 
increased for a time. 
The average dry matter consumption per 100 pounds of live 
weight for the 250-day period shows the standard and mixture-
fed groups, IV to VIII, inclusive, to have a slight advantage over 
the comparable hand-fed Group III. Group III averaged 2.79 
pounds, whereas the others ranged from 2.78 to 2.85. At the 
same time the continuously free-choice self-fed group ate a lesser 
average amount for the whole period, or 2.56 pounds daily. The 
pigs of this group became so fat toward the finish that their con-
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TABLE XX. CRUDE PROTEiN CONSUMED iN POUNDS PER PIG DAiLY 
Period of 1 
THE GROUPS 
feeding ---r-~ I I I I I 
days I I II I III IV V I VI VII I VIn IX i X 
1·30 .49 I .58 I .47 1.42 .41 .51 I .40 .26 .54 I .43 
121·150 .15 .15 .82 .77 .72 .85 .6~ .66 .64 .76 
31·60 .74 .80 I .71 1 .55 .55 .57 .40 .33 .73 1 .72 
61·90 .9911.04 .93 .80 .80 .65 :47 .50 .82 .90 
91·120 .26 .28 1.00 1.07 1.03 .76 I .5~ .67 .81 .8~ 
151·180 _ ~ ----=.1.L _,IL ~~~----=..7..L~~~_ 
After Free·Choice se1f·fceding was inaugurated, 181st day 
241·250 
1·180 
.51 
.55 
.54 
.75 
181·210 l 211·240 
~---. 69 
.55 .63 
.57 .65 
.48 .60 
.81 .77 
.-.:1.!.. . .73 
.76 
"I .69- .79 .76 1 .64 .75 .71 .75 .75 .59 .77 .63 .78 .69 .70 .68 .72 .53 .52 .69 .70 .71 .60 .58 -.57 .66 .57 .62 .54 · .57 .69 .73 .66 .70 
sumption was so decreased per unit weight as to overbalance the 
higher consumption earlier in the period. A good growthy big 
type pig would tend to maintain a higher percentage feed con-
sumption over a longer period than would a pig of small" ex-
treme lard" type. 
Pl'otC1:n consnmption and 1'cqnil-cmcnt of pigs : The amount 
of crude protein consumed daily per pig during the various 
periods is presented in table XX. 
The prevalent idea in regard to protein consumption is that 
pigs should eat less and less as they grow older. On the basis 
of 100 pounds of live weight and percent of the ration this is 
true, but on the basis of actual protein consumption it is not the 
case. Weanling pigs reach their maximum protein consumption, 
if they are fed rightly, about 100 days after the 2 months wean-
ing age. At this time protein consumption approximates a pound 
daily. Right after weaning the consumption is about half a 
pound daily. After the middle of the fourth month the protein 
need gradually declines so that by the time the pig weighs 250 
to 300 pounds and is about 7 to 9 months old, the daily total con-
sumption has declined to around a half pound, or a little more. 
Evidently the oldest feeding standard, which has been most 
widely used, supplied less protein per pig daily than the pigs 
needed. The Wolff-Lehmann fed pigs averaged 0.53 pound per 
pig for 180 days, as contrasted with 0.75 pound in the free-choice 
self-fed Group I, or 0.77 pound in the free-choice hand-fed twice 
daily Group III. All of the pigs fed according to the feeding 
standards showed a lower daily protein consumption, ranging 
from 0.53 to 0.70 pound for six months, than did the comparable 
hand-fed free-choice Group III, with 0.77 pound. 
The buttermilk group used protein more efficiently than the 
similar group not receiving buttermilk (compare Groups IX and 
I). The quart of buttermilk lessened the protein consumption 
from 0.75 to 0.69 pound for the 180 days and from 0.69 to 0.6G 
pound for the 250 days. The buttermilk increased the protein 
efficiency 4 to 8 percent. 
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A good set of figures to keep in mind in regard to crude pro-
tein consumption per pig daily are these-a little better than 
one and one-fourth pounds at the maximum period some three 
or four months following weaning down to somewhat more than 
a pound when the pigs reach 300 or more pounds. These figures 
are given with the assumption, however, that the pigs are full-
fed an adequate ration of suitable concentrated feeds. 
The amount of crude protein consumed daily per 100 pounds 
live weight during the various periods is shown in table XXI. 
The crude protein consumed daily per 100 pounds live weight 
starts at approximately a pound in the best groups, holds prac-
tically steady for about two months, then decreases. The per-
centage decrease following the second month becomes more and 
more marked each month until about the sixth month after wean-
ing, after which the decrease is not marked. In truth, the amount 
eaten remains practically constant after the pigs reach approxi-
mately 300 poundfl 7 to 10 months following weaning. The con-
sumption at this time runs about 0.2 of a pound per hundred 
pounds live weight. 
The groups are remarkably similar in protein consumption for 
the ISO-day period, or for the total 250-day period, but differ 
considerably on the basis of 30 day periods. It is the distribution 
that counts, and that is why the free-choice self-fed and free-
choice hand-fed pigs made such a good showing. 
The digestible protein consumption is not a certain quantity, 
as is the crude protein consumption, because the determination 
of the former is dependent upon digestibility coefficients which 
are uncertain. Most feeding tables do not carry the digestible 
nutrient figures as applied to swine, but rather to ruminants. 
Therefore our emphasis in the fattening of pigs is more accurate-
ly centered on the crude and not the digestible protein. The 
feeding standard which we will suggest shortly for growing and 
fattening pigs is based upon crude protein. 
A chart entitled, "Crude Protein Consumed per 100 Pounds 
TABLE XXI. CR TlDE PROTEIN OONSUM ) IN POUNDS DAILY PER 
100 POUNDS LIVE ,ElGN'!' 
THE GROUPS 
Period of 
feeding I I I I I I I VIII I I days I II 1 III IV V VI VII IX X 
1·30 .97 1.13 1 .96 1 .87 .86 1 1.03 .84 .55 1.04 .87 
31·60 .99 1.04 1 1.04 I .83 .83 .81 .65 .53 .88 1.00 61-90 .86 
.89 1 .90 .86 .85 .69 .59 .61 .66 .87 91-120 .59 .59 .70 .80 
.78 I .60 .53 .56 .48 .63 
121-150 .37 
.37 'I .44 I .44 .42 .54 .48 .44 .31 .44 151-180 .25 .30 .32 .27 .2 7 i .49 .45 .38 .26 .35 
After Free-Choice self-feeding was inaugurated, 181st day 
181-210 .20 
.21 I, .25 .31 .33 ! .30 .40 .34 .22 .29 211-240 .20 .20 .23 .22 .28 1 .26 .31 .29 .20 .25 
241-250 .18 
.
16ll .19 .27 \ .22 .29 .25 .18 .22 1-180 .53 .55 .60 .58 .57 .63 .54 .48 .48 .59 
1-250 .59 .40 .43 .42 .45 .46 .45 .40 .36 .45 
LOT I 
LOIlI 
LOTm 
LOT lY 
LOry 
lOTlZI 
LO T 'llIl 
LoTYIII 
LOTli 
LOTI 
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____________ FREE - CHOICE SELF FED 
___________ fREf' - CHOICE HAND FEn 3X 
__________ FREE - CHOlc r HAND FED 2 X 
___________ DIETRICH 
____ __ ______ , ___ -- --- - ------ -- - --- --- DI f: TR Ie H 
---- KELLNER 
WATER AT WILL 
WATER W EIGHED 
___ WOLFr - LEHMANN 
1-1 .... , 'H,H' .... , .... ' ....... ___ H,...."H, ......... , ... , ... , , ... , ... '...... ' IHIHI ..... ' FREE - CHOICE MIXTURE 
____________ FREE-CHOICE I + BUTTERMILK 
_____ ____ FREE -CHOICE BREEDING 
The above legend applies to figs. 12 to 22, inclusive. 
Live Weight-Pounds," showing the amounts consumed by 10-
day periods, is given (see fig. 12) . The age of the pigs is repre-
sented along the base line, and the amount of protein on the left 
arranged vertically. The days of experimental feeding are repre-
sented by the figures 30, 60, 90, etc. 
To cover this protein study more fully, table XXII presents 
the digestible protein figures . It shows the amount consumed 
daily per pig during' the various periods. 
The digestible protein consumption is much less than the crude 
because only part of the protein apparently is digested. The 
word" apparently" is used advisedly, inasmuch as the digestibil-
ity figures are approximate because they are derived by using an 
arbitrary method of determi-
nation. They do not mean that 
represent the actual digesibil-
ity. Then, too, some proteins 
are highly digestible, but be-
cause they are ill-suited for 
nutritive needs they may be 
largely voided via the kidneys. 
After all it is the essential nu-
tritive and utilizable portion 
of the protein ingested that 
counts. That may be most of, 
or very little of the digested 
remnants. 
The digestible protein eaten 
per pig daily by the free-
choice Group I for the 180 
days was 0.57 pound, as 
compared to 0.75 of the 
crude, a difference of 0.18 
Fig. 12. Chart showing crude protein con- V fi 
sumed per 100 pounds live weight. pound. Group II gures 
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TABLE XXIl . DIGES1"IBLE ORUDE PROTEIN OONSUMED IN POUNDS 
DAlLY PER PIG 
P eriod of I THE GROUPS feeding --1--1--,--, 1'----,1--'1---.-'--'1--
:;-;o"-d::.::a,,,-Y::...s _-;-....::1 1 II 1 III ·IV V 1 VI 1 VII 1 VIII IX X 
1·3 0 .38 .44 1 .3'3 1 .32 1 .3 1 1 .38 .30 .19 .42-,---:32 
31·60 .56 .61 .54 .42 .42 I .43 .30 .25 .56 .54 
61 ·90 .75 .78 .70 .61 .60 I .50 .36 .38 .63 II .67 
91-120 :~~ :~i :~g, :.4~3~ I .78 .5 7 .42 .50 .62 .65 i;i:i~g .44 .54 .54 :1~ i : ~~ :~~ :~~ :g :~~ 
181·210 
211·240 
241·250 
1·1 8 0 
1-250 
After Free·Choice self·feeding was inaugurated, ] 81st day 
.45----:48-
.44 .46 
.42 .42 
.53 .54 
.51 .52 
compare as 0.40 to 0.52, a difference of 0.12 pound in the same 
period. Group X compares as 0.54 to 0.73, a difference of 0.19 
pound. On the percentage basis these differences are quite com-
parable. Hence it appears that the crude rather than the digest-
ible protein of concentrated, low fibered, high energy fattening 
feeds should be emphasized in our feeding standards for fatten-
ing swine. This is especially true because highly concentrated 
feeds are used in fattening swine if the feeding is properly done. 
With such feeds, there is not the" digestibility-depressing" fiber 
factor to contend with as in the feeding of ruminants when 
roughages are included. In dealing with crude rather than 
digestible protein figures, the operation is simplified considerably. 
To deal with crude protein is to deal with relative actualities; 
to deal with digestible protein is to deal with numerous assump-
tions. The digestible protein consumption for 100 pounds live 
weight daily is given in table XXIII. 
TABLE XXIll. DIGESTIBLE ORUDE PROTEIN CONSUMPTION DAlLY 
IN POUNDS PER 100 POUNDS LIVE WEIGHT 
Period of 
feeding 
days 
1·30 
31·60 
61·90 
91·120 
121·150 
151·180 
THE GROUPS 
I II III IV ' V , VI I VII 'VIll I IX ' X 
.74 
.
86 1 
.73 
.661 
.65 1 .78 .64 .42 .81 1 .65 
.75 :~~ I .63 3 .63 1 .62 .49 .40 .68 .75 .65 .68 .65 .64 .52 .45 .46 .51 .65 
.45 .45 .53 .60 .59 .45 .40 .43 .37 .47 
.28 .28 .33 :~g i :~~ i .41 .36 .33 .24 .33 .18 .23 .24 .37 .34 .28 .20 .26 
Aft"'~r }I'ree-Choice self-feeding was in augurated, 18 1st day 
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The daily consumption of digestible protein as figured per 
hundred pounds live weight runs considerably less than that of 
the crude protein. The aver-
age of the 180 days, for in-
stance, of Group I is 0.40 
digestible and 0.53 crude 
protein, a difference of 0.13 
pound, or 30 percent more a ': 
crude than digestible protein ~:. 
consumed. The chart, fig. 17, ~:. 
gives the amounts consumed ~:. 
per hundredweight daily by ~" 
10-day periods. ~ ;; ~ , 
:The -total as well as the di- ~:-
gestiblc - protein consumption i:· 
daily per 100 pounds live a.:. 
,veight indicates that free- e .J 
~ J 
choice feeding in combination ~:. 
with self-feeding was instru- :; 
mental in causing 2. larger ~' 
relative consumption of pro-
tein per unit live weight 
early in the period than did ., 
choice self -feedin~ also les- Fig. 1~3. Chart showing digestible protein 
sened the proportlOnate con- consu",ed PH 100 pounds live 
sumption near the close of the weigH. 
feeding period. A careful study of the chart indicates that, on 
the whole, the feeding standard allowance in protein, either crude 
or digestible, is too low in the first few months of feeding and 
too high later. Of course if the pigs do not get sufficient pro-
tein early, they will strive, because of their inward needs, to 
get more later if opportunity is offered (see figs. 12 and 13). 
The mixture-fed pigs of Group VIII were handicapped from 
the beginning. Both protein charts show that even tho these pigs 
were self-fed they could not possibly get enough protein from 
the fixed mixture to meet their needs during the first three or 
four months of feeding. This nutritional stifling was compen-
sated, in large measure, by the higher consumption after free-
choice feeding was inaugurated on the one hundred eighty-first 
day. There was a similar compensation in the Wolff-Lehmann 
group, which in the earlier days of the experiment had received 
too little protein per unit of live weight. Both of the Dietrich 
fed Groups, IV and V, acted oppositely- they increased their 
protein intake per hundredweight following the one hundred 
eightieth day, indicating that hitherto they had been lmderfed 
on these organic, nitrogenous substances. A study of the charts 
24!l 
on protein consumption (figs. 12 and 13 ) shows that swine undei' 
the conditions of this experiment adjusted their protein consump-
tion to an efficient basis, and further the manifestations of their 
appetites point the way for a better feeding standard. 
The amount of crude protein r equired per 100 pounds gain 
for the first 180 days of feeding, and for taking the pigs up to 
225 and 300 pound weights, is a measure of protein efficiency in 
the various groups. However , it is especially a measure of the 
efficiency in the method of feeding. The protein requirement 
for the periods and weights designated is given in table XXIV. 
The protein r equirement for 100 pounds gain, carrying the 
pigs up to 225 pounds average weight , ranges from 58.04 pounds 
in the free-choice self-fed group (IX) r eceiving buttermilk, to 
76.70 pounds in the fr ee-choice self-fed group (X ) receiving 
alfalfa meal. The buttermilk was instrumental in reducing the 
protein consumption, whereas excessive alfalfa meal had the 
opposite effect. This is shown on all three of the above bases. 
These points may be enumerated in addition: 
1. Tho hand-fed groups II and III, fed free-choic3 style, required more 
protein than the self-fed Group I. The author has noticed that pigs fed 
twice-a-day froe-choice style practically always take more pI'otoiu than 
when self-fed. One reason for this is that more days are t aken to make 
the required weight, and, honce, na:urally more protein is required for 
maintenance. Also, the feed requirement in toto is a little higher and, of 
course, the protein represents part of that. 
2. The standard-fed pigs, Groups IV, V, VI and VII, t ook more pro-
t ein pel' unit gain than did tho free-choice solf-fed Group I . This was 
true not only for the first 180 days of f eeding but up to 225 pounds in 
woight. Figured up to 300 pounds in weight, one group, VII, the 'Wolff-
L ehmann, finally excelled the free-choice Group I , requiring 62.11 pounds 
of protein as compared to 66.24 pounds for the free cho:ce group, but the 
same old question again arises here as to what would have happened with 
Group I pigs if they had been limited in their feeding for a time and 
then full-fed later. A stuc1y of the figures of Group VIII up to 300 pounc1s 
will answer this question. Altho the Group VIII pigs wel'e fed a mixture 
of feec1s for six months, they finally required the least pl'ote:n of any of 
the groups for 100 pounds gain, 01' 58.71 pounds. 
3. The groups (I , IX, and X) that were self-fed free-choice style COll-
tinuously f)'om th e start show an increase as thoy pass f rom 225 up to 300 
pounc1s; but on the other hand, the groups such as the 'Wolff-Lehmann, VII, 
TABLE XXIV. CRUDE PROTEIN REQUIRED I N PO UNDS FOR 
100 POUNDS GAI N 
-------~-----------,------------~--------------
Group I During 180 days feeding,1 Up to 225 pounds Up to 300 pounds 
No. 1st. to 180th day average weigh~ . average weight ~I~~~-T--~~~6~4~, 4~1~~---7-------6~5~, ~10~~---'------~66,24 
II 69,72 68,85 68.50 
III 70, 83 70,79 69,71 
IV 68,04 68,16 65,12 
V 69 ,67 70,14 71.99 
VI 76,72 74,62 68.40 
VII 71.39 67 ,83 62,11 
VIII 56,25 58 ,53 58,71 
IX 59,93 58.04 61.93 
=X~ ____ ~ _______ ~7~5, ?2 ____________ 7~6~,7~0~ ______ ' ______ ~7~9,~0~1 ______ _ 
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TABLE XXV. DiGESTiBLE CRUDE PROTEiN 111' POUNDS REQUiRED 
I 'OR 100 rOUNDS GAiN 
I 
Group 
No. 
n 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
!During 180 days feeding, 1 st. to 180th day 
49.13 
52.82 
53.65 
51.41 
52.63 
58.02 
53.96 
42.38 
46 .30 
56.37 
Up to 225 pounds 
average weight 
49.20 
52.08 
54.92 
51.50 
52.95 
56.43 
50.39 
44.08 
44.91 
5 7.22 
Up to 300 pounds 
avera.ge weight 
49.99 
51.73 
52.72 
49.20 
54.40 
51.76 
46.92 
44.22 
47.91 
58.64 
and Kellner, VI, that really were handicapped during the earlier stages of 
feeding responded splendidly toward the finish, or when full opportunity 
was presented by the introduction of free-choice and self-feeding methods. 
These groups required less crude protein per hundred of gain up to 300 
pounds than they did up to 225 pounds final average weight. 
4. On the basis of the figures, it appears that the extra feed required 
per unit weight incrtase for the pigs that weigh 300 pounds as compared 
to those that weigh 225 pounds is largely non-protein, or carbohydrate in 
character. On the whole, the protein l'equirement per unit gain in this 
experiment differs I i ttle in taking the pigs up to 225 pounds as compared 
to taking them up to 300 pounds average weight. A little later we shall 
see that the carbohydrate equivalent requirement shows a marked increase. 
Whereas the crude protein required for 100 pounds gain 
averages approximately from 58 to 77 pounds in taking the pigs 
up to 225 pounds in weight, the digestible protein ranges from 
44 to 57 pounds. The amount of digestible protein per 100 
pounds gain for 180 days feeding and for pigs until they reach 
the 225-pound and 300-pound weights is shown in table XXV. 
These digestible protein figures show about the same general 
relationship existing among groups as do the crude protein re-
quirement figures. 
On the basis of 225-pound weight, Group I required approxi-
mately 76 percent as much digestible crude protein as of total 
crude protein (see table XXIV ) . Group VI, the Kellner stand-
ard, also required 76 percent; the buttermilk group, IX, 77 per-
cent; and the alfalfa group, X, 75 percent_ On the whole, when 
using high grade concentrated feeds, such as in this experiment, 
the digestible protein requirement is about three· fourths of the 
crude protein requirement. 
Another important angle in protein metabolism and digestion 
studies is that of protein efficiency. A mixture of protein feeds 
from various animal and vegetable matter sources, giving a 
variety of amino acids, presents nutritional differences that can-
not be measured by present chemical means. These differences 
are apparently, in the light of our newer knowledge of nutrition, 
so large as to over-shadow the emphasis placed upon the value 
of digestibility figures in indicating the nutritive value of in-
dividual swine feeds. 
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We may cite Mitchell and Kick (43a) who have shown that 
the protein digestibility coefficients of corn, tankage and their 
combination do not indicatc the relative biological efficiency. 
They found the digestibility of corn, tankage and the combina-
tion of corn and tankage to be for swine, respectively, 85, 76 
and 82 percent. Corrections were made in these figures for the 
metabolic nitrogen, which is not done with the digestion co-
efficients used in practice now-a-days. The biological efficiency 
or storage of the protein nitrogen was determined, the corn equal-
ling 54, the tankage 42 and their combination 61 percent. Bio-
logically the efficiency of the combination exceeded the single 
entities, being 13 percent over corn and 45 percent over tankage, 
whereas from the digestion standpoint, even tho metabolic nitro-
gen was considered, the excess digestibility of the combination 
over corn was nil (-3.5 percent) and over tankage was only 8 
percent. Such disparities point in undeniable fashion to the 
u11l'eliability of the digestion coefficients when used as a relative 
or absolute measure for estimating the actual feeding value of 
proteins. Altho the biological value indexes are apparently 
more r eliable than average digestibility coefficients, they too fail 
in that they are but crude averages of efficiency for individuals 
and feed combinations. Therefore, why should one place so 
much emphasis on digestibility indexes when their value in esti-
mating' the nutritive worth of well selected concentrated fatten-
ing swine feeds is unproved ~ 
Carbohydmte eqttivalent consumption thruotd the pe1'iod of 
feeding: The amount of crude carbohydrate equivalent (crude 
nitrogen-free extract, plus crude fiber, plus 2.2 times the ether 
extract or fat) consumed daily per pig during the various periods 
is shown in table XXVI. 
The carbohydrate equivalent indicates the major supply of 
energy in the ration and, hence, is of great importance. The 
TABLg XXVI ORUDE CARBOHYDRATE EQUIVALENT OONSUMED IN 
Period of 
feeding 
days 
1·30 
31·60 
61·90 
91·120 
121-150 
151·180 
181·210 
211·240 
241·250 
1·180 
1·250 
POUNDS PER PIO DAILY 
'THE GROUPS 
~ II II III II IV II v II VI II 
l. f8 \' 2.13 \ 1.881--:'1.-:''''600'5-'.\''''1''',"'''60''"'''1-=1,-'-;.60 
2.92 3.13
1
2.63 2.30 2.31 I 2.25 
4.~9 I 4.61 3.71 3.40 13 .41 I 2.74 
~.42 ,5.47 4.84 4.88 4.66 I 3.39 
5.16 4.74 5.18 5.33 i 4.97 I 4.09 
4.42 4.01 4.65 4.61 4.41 I 4.73 
VII I! VIII I IX I X 
1.51 \ 1.59 I 2.04 \ 1.83 
1. 78 2.06 I 3.20 2.51 
2.2413.1512.4413.71 2.79 4.19 5 .14 4.41 
3.28 4 .16 4,56 4.32 
3.90 3.38 4.36 4.30 
After free·choice sell-feeding was inaugurated, 181st day 
1""4.I1 I 4.03 3.28 
3.51 
3.64 
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TABLE XXVII. CRUDE CARBOHYDRATE EQUIVALENT CONSUMED IN 
POUNDS DAILY PER 100 POUNDS LIVE WEIGHT 
Period of I 
THE GRO UPS 
feeding I \ 
days I II III IV V VI I VII I VIn I IX X ~i7~7~0~~~I~~:~~~ I-!~: t~~~I~~=:~~-T~~~:!7~~7~~:!7~~\-7~:7~~i ~I-~ :7~i '----\-~-:~~ ~:l~ 
61-90 3 .98 3.96 3.59 3.64 3 .63 \ 2.87 2.80 3.60 3.60 
91-120 3.31 3.31 3 .36 3 .64 3 .54 2.69 I 2.65 3.05 3 .19 
121-150 I 2.51 I 2.30 I 2.75 3 .01 2.92 2.60 I 2.50 2.22 2.52 
151-180 ._~~~ 2.18 2 .17 2.46 2.41 l.8 4 2.14 
After free-choice self-feeding was inaugurated, 181st day 
181-210 
l.
45
1 l. 5 7 
l.89 2 .08 l.87 
I 
2 .22 2.60 l.96 l.48 l. 81 
211-240 l.45 l.58 l.72 l.78 l.9l l.9 8 2.21 l. 8 9 l.44 l.60 
241-250 l.32 l.21 l.57 l.56 l. 8 0 l.60 2.04 l.72 l.25 l.25 
1-180 2.8 7 2.70 2.88 3.03 2.99 I 2.72 2.64 3.03 2 .73 2.85 
1-250 2.25 2.24 2 .43 2.44 2.48 2.39 2.49 2.49 2.17 2.33 
crude protein, crude carbohydrate equivalent, vitamins, minerals 
(ash) and water comprise the "backbone" essentials of the 
ration as we now know them. 
The daily crude carbohydrate equivalent per pig gradually 
increases if the pig is properly fed so that a maximum is reached 
about four or five months after weaning, after which it decreases. 
With la1'ge1' type pigs this decrease may not take place within 
ordinary 11w1'ket weights. Shortly after weaning a good growthy 
type of pig will eat two pounds of carbohydrate equivalent. This 
is gradually increased to around 10 pounds. 
The amount of crude carbohydrate equivalent consumed daily 
per 100 pounds live weight during the periods is shown in table 
XXVII. 
The important development indicated in this table is the actual 
increase in carbohydrate equivalent consumption after the first 
month, especially in the self-fed Group 1. Both Dietrich group:; 
also show it. This suggests that the standard for pig feeding 
may, when it specifies crude carbohydrate equivalent, prescribe 
in some cases a little more per unit of live weight the second 
month after weaning than in the month immediately following. 
The carbohydrate equivalent consumption in this experiment 
is a little higher at the beginning than is usually experienced. 
Generally speaking, however, we may expect pigs to eat, per 100 
pounds live weight, up to around four pounds of crude carbo-
hydrate equivalent daily in low fibered feeds (not over 2 to 4 
percent fiber). This amount decreases quite markedly after about 
three or four months of feeding, until at 8 or 9 months of age, 
when the pigs weigh about 300 pounds, they are eating approxi-
mately Ill :! to 2% pounds. They will eat less then if they have 
been full-fed efficiently and continuously on an adequate ration. 
The total pounds of carbohydrate equivalent consumed per 100 
pounds live weight by 10-day periods is shown in fig. 14. 
, 
. J 
."t 
Fig. 14. Cha,·t showing carbohydrate cqliv-
alent consumed pel' 100 lJounds live 
weight. 
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Fig. 15. Chart showing crude nitrog2n.fl'ee 
extract consumed r:er 100 pounds 
live weight. 
Altho emphasis is placed upon the carbohydrate equivalent, 
yet we must bear in mind that this designation comprises a trinity 
of constituents, namely: nitrogen-free extract, fiber and ether 
, ., 
. " 
Fig. 16. Chart showing crude fibre con. 
sumed per 100 pounds live weight. 
Fig. 17. 
." 
Chart showing cn:dc fflt (Ethf'l' 
extract) consumed per 100 pounds 
live weight. 
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TA8LE XXVIII. DIGESTIBLE OARBOHYDRATE EQUIVALENT CONSUMED 
IN POUNDS PER PIG DAILY 
Period of 
feeding 
days 
1·30 
31·60 
61·90 
91·120 
121·150 
151·180 
181·210 
211·240 
241·250 
1·180 
1·250 
I 
THE GROUPS 
--I--r---,--,--,--, I 1 
I II I III I IV I V I VI I VII I VIII IX Ix 
- - -- ----
I 
1 
1.79 1.58 1 1.57 1.40 1.36 1.34 1.29 1.39 1.72 1.50 
2.48 2.f4 2.21 1.96 1.96 
I 
1.91 1.52 1.80 2.77 2.04 
3.96 3.96 3.16 2.90 2.91 2.34 1.92 2.75 3.88 3.07 
4.71 1 4.75 4.17 4 .18 4.00 1 2.91 2.41 2.65 2.52 3.71 
4 . .'. 0 I 4.13 4.49 4.66 ~:~~ I ~:g~ 2.83 3.63 4.03 3.69 1 3.86 3.85 4.04 4.06 3.36 3.82 3.85 3 .69 
After free·choice self·feeding was inaugurated, 181st day 
3.32 3.65 1 4.13 
1 
4.44 
I 
3.79 1 4.42 4.46 3.79 3A1~53 
3.60 4 .02 4 .20 4.42 4.39 1 4.60 4.62 4.19 3.63 3.46 
3.48 3.52 4 .15 4.16 I 4.52 I 4.09 4.81 4.19 3.33 2.78 
3.52 3.29 3.28 I 3.19 j 3.08 I 2.68 2.22 2.84 3.46 2.95 
3.50 3.58 I 3.52 3 .53 3.38 3.18 2.88 3.17 3.47 3.07 
extract or fat. Charts are presented showing the consumption 
of these three feed constituents by 10-day periods on the crude 
basis. Therefore it is well to consult these charts, figs. 15, 16 
and 17. 
The digestible carbohydrate equivalent figures, giving first 
that consumed daily per pig during the various periods, are pre-
sented in table XXVIII. 
V.le have already discussed the crude carbohydrate equivalent 
consumed daily by the various groups. The digestible and crude 
carbohydrate equivalent are pretty closely related. Hence, altho 
there are differences, they are immaterial for the purposes of 
this discussion. They pertain more particularly to the effect of 
a changing proportion of the various feeds, insofar as this alter-
ation affects the percentage digestibility of the whole feed. 
The amount of digestible carbohydrate equivalent consumed 
daily per 100 pounds live weight during the various periods is 
shown in table XXIX. 
TABLE XXIX . DIGESTIBLE OARBOIIYDRATE EQUIVALENT CONSUMED IN 
POUNDS PER 100 POUNDS LIVE WEIGHT DAILY 
I THE GRO UPS Period of feeding - - I I I I 1---1- -1-- -1--1- -
days I I II I III I IV I V I VI I VII I VIII IX X 
l'30---3.09I-SAS -T 3."2s-I-. 2-:-91 2.83 I 2.72 I 2 .73 1 2.99 3.31 3.05 
31-60 3.31 3.42 3.23 2.95 2.95 1 2.73 \ 2.49 2 .91 3.34 2.82 
61·90 3.43 3 .40 3 .06 I 3 .10 3.10 1 2.45 2.41 3.32 3.15 2.98 
91 -120 2.88 2.8 8 2.89 1 3.12 3 .03 1 2.30 2.29 /1 3.09 2.68 2.69 
i~u~g i:~~ I i:g~ U~ i:gi i:~~ I ~:i~ j Ug ~:6~ U~ i :~~ 
181-210 
211·240 
241-250 
1·180 
1-250 
After free-choice self-feedin g was inaugurated, 181st day 
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The two main points emphasized in this table are the slight 
increase in digestible carbohydrate equivalent consumption after 
the first month in the two best free-choice self-fed groups, I and 
IX, thereafter a decrease; and the marked difference existing 
among the groups fed according to the standards as compared 
to the free-choice self-fed groups. 
The pounds of digestible carbohydrate equivalent consumed 
per 100 pounds live weight consumed by 10-day periods is shown 
in fig'. 18. The consumption of the three" digestible" nutrients 
that make up the digestible carbohydrate equivalent are in-
dividually charted on the 10-day period basis in figs. 19, 20 and 
21. 
The total and the digestible carbohydrate consumption per 100 
pounds live weight daily indicate that free-choice feeding in-
duced a larger consumption early in this feeding experiment, 
generally speaking, and a smaller consumption later when the 
animals were self-fed than when they were hand-fed according 
to the standards. Inasmuch as the free-choice self-fed pigs made 
the most rapid gains and, considering the quality of the product, 
made the most economical gains, it would appear that their con-
sumption, as traced on the chart, should be a better guide than 
the arbitrary allowances made by following the feeding stand-
ards tested. (See figs. 14 and 18). 
257 
That the free-choice group proportioned its carbohydrate 
equivalent thruout the periods to good advantage as contrasted 
with the feeding standard requirements should be evident to 
him who studies these charts, and particularly so to the one who 
evaluates in correlation therewith the gains made, the feed re-
quirements, growth, health and well-being of the animalG. 
The amount of crude carbohydrate equivalent required for 100 
pounds gain for the first 180 days of feeding and up to the 225 
and 300-pound average weights is one of the measures of feeding 
efficiency as manifested in the various groups. The total crude 
carbohydrate equivalent requirement for the periods and weights 
designated is shown in table XXX. 
Without exception the carbohydrate equivalent required at 
300 pounds was greater than. at 225 pounds. This WUi'\ very dif-
ferent from the protein requirement which in ~ome cas<:\f/ showeq 
an actual decrease and, on the average, changed li1;tle ~f any. 
For instance, Group I required 329 pounds of carbohydrate 
equivalent for 100 pounds of gain up to the 225. pound average 
weight and increased to 385 pounds by the time th,e pigs weighed 
300 pounds-an increase of approximately 17 percent. The pro-
tein, on the other hand, increased only from 65 to 66 pounds to 
the hundred of gain in the same ipterv:;tl-an increase of less 
than 2 percent. Evidently as the cost of gains increases the extra 
cost is not in added protein but in added carbohydrate equivalent. 
A study of the figures for Group VI shows that the pigs be-
tween 225 and 300-pound weights, f~d according to the Kellner 
standard, increased their carbohydrate equivalent consumption 
per 100 pounds gain from 334 to 356 pounds, an increase of 22 
pounds, equivalent to close to 7 percent. At the same time they 
decreased their protein, consumption from 75 pounds to 68, <1-
decrease of 7 pounds, equivalent to approximately 9 percent. In 
the early part of the feeding' period the I\ellner l?igs were get-
ting too much protein in proportion to carbohydrate equivalent. 
Hence, in the latter part they compensated by eating proportion-
ately less protein and more carbohydrate. Of course this adjust-
ment was largely made after the 180 days of feeding; or during 
TABLE XXX. CRUDE CARBOlIYDRATE EQUIVALENT I N POUNDS 
REQ UIR E D rOR 100 POUNDS GAIN 
Group During 180 days feeding, 1 Up to 225 pounds I Up to 300 pounds 
No. 1st. to 180th day average weight av~ragc weight r-- -I--- 347.64 - --1--- 329.37 -~ 1---385.19 
II 351.48 '130.81 377.92 
lTT ~dR.9B 3.47.86 3134.41 
~V \1 g~~:~~ I:' ~~~:~~ I'. !Z~:g~ 
VI 336.17 334.13 356.09 
VII . 349.18 350.08 354.27 
VIII 352.87 364.17 365.41 
IX 343.50 321.48 37019 
X 363.67 373.18 418.00 
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TABLE XXXI. DIGESTIBLE OARBOHYDRATE EQUIVALENT REQUIRED 
FOR 100 PO UNDS GAIN 
Group I During 180 days feedin g , Up to 225 pounds U p to 3 00 pounds 
No . 1st. to 18 0th day average weig ht average weight 
I;---- ---3'00.91--- ---'28 6~10--- ---334 :72---
II 301.20 287.73 327.35 
III 291.01 301.65 332.03 
IV 3 10.88 310.91 327.1 5 
V 3 16.f 2 319.40 351.49 
VI 289.58 2 92.03 3 06. 83 
VII 3 0l.05 3 03.45 3 07.1 5 
VlII 310.42 314.61 3 1 8. 60 
.IX 302. 85 2 79.08 324.38 
X 3 05. 3 7 3 17.22 352. 99 
the free·choice self·fed period, which is further evidence that 
the appetite is a fairly reliable guide as to physiological needs. 
Table XXXI shows the digestible carbohydrate equivalent reo 
quired for 100 pounds of gain on the same basis as given for 
the crude carbohydrate equivalent. 
These figures are very similar to those for crude carbohydrate 
equivalent, insofar as their relationships among the groups are 
concerned. For instance, on the basis of the 225-pound weight 
figures, Group I required 87 percent as much digestible carbo-
hydrate equivalent as of crude; Group VI, the standard·fed 
group making the best showing in this particular requirement, 
also required 87 percent; and Group IX, receiving buttermilk, 
required 87 percent. However, the alfalfa group, X, took 85 
percent as much digestible equivalent as of the crude, indicating 
that the figures for the digestible carbohydrate equivalent of the 
alfalfa are lower in proportion than that of the other feeds. In-
sofar as this experiment was concerned, these figures indicate 
that the crude carbohydrate equivalent may have been used more 
efficiently than the digestible in computing the approximate 
standard requirements. 
Total nutrients required for 100 pounds gain: The amount 
of total nutrients required for 100 pounds of gain (the sum of 
the protein, the nitrogen-free extract, the fiber and the fat mul· 
tiplied by 2.20 ) on both the crude and digestible bases is shown 
in table XXXII. 
The superiority of free-choice self-feeding over the feeding 
standards is shown at the 225·pound average weight requirement. 
The addition of buttermilk to the free-choice ration of corn, wheat 
middlings and tankage favorably reduced the nutrients per unit 
gain. The figures represented under the 300-pound weight are 
exceedingly complex inasmuch as they represent a combination 
of standard and free-choice feeding and a combination of hand 
and self-feeding,in the feeding standard groups. The real basis 
on which to make the comparison of efficiency is on the 225-
pound average weight. 
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TABLE }(XXIl. ORUDE AND DIGESTIBLE NUTRIENTS OONSUMED IN 
POUNDS FOR 100 POUNDS GAIN 
I During 180 days feed- I ing, 1st to 180th day Group _ 
No Crude I Diges tible I 
Up to 225 pounds I 
average weight 
Up to 300 pounds 
average weight 
Crude I Digestible 1-'C"rC-:u'de:--'I""'--;D"'i'=g-:::es"'ti"'bT:le-
I--· - ---- ----- 384.7l 412.05 350.04 394.4.7 335.30 451.43 
II 421.20 354.02 399.66 339.81 446.42 379.08 
III 419.81 344 .66 418.65 356.57 454.12 384.75 
IV 428.32 362.29 426.61 362.41 442.42 376.35 
V 436.58 369.15 438.21 372.35 477.93 405.89 
VI 412.89 347.60 408.75 348.46 424.49 358.59 
VII 420.57 355.01 417.91 353.84 416.38 354.07 
VIII 409.12 352.80 422.70 358.69 424.12 363.02 
IX 403.43 349.15 379.52 323.99 432.12 372.29 
X 439.29 361.74 449.88 374.44 497.01 411.63 
Studies on nt~tritive mtio of mtions: For the fattening of 
young growing swine, a most important consideration in com-
puting the nutrients required thruout the different periods as the 
animal develops and gains in weight is that of the ratio or re-
lationship between the protein and the carbohydrate equivalent. 
It is much more important that the feeding standard should 
specify the ratio for use in actual practice than that it should 
make a rough estimation of the weights of protein and carbo-
hydrate equivalent, each given separately, for each 100 pounds 
of live weight daily. With the desired ratio known, one can 
easily figure the proportion of basal and supplemental feeds need-
ed. To adjust the ratio by periods according to the" ratio method 
of feeding" is a simple matter. 
The crude nutritive ratio, or the relationship between the crude 
protein and crude carbohydrate equivalent consumed (Crude 
Protein: Crude Carbohydrate Equivalent:: 1 :X), thruout the 
various periods is shown in table XXXIII. 
The pig as he grows and develops from weaning time on re-
quires a constantly widening crude nutritive ratio in order to 
meet his needs. Notice the fine discrimination the pig progres-
TABLE XXXIII. ORUDE NUTRITIVE RATIO OF THE FEED OONSUMED 
I THE GROUPS Period of fed~~~g -I-I~~II--;;;II~II--;-II----;-II~;r-;~;-T--;~\-x-
--="-'-'-- I---Crude proteill is to crude carbohydrate equivalent as 1: 
1-30 
31·60 
61-90 
91·120 
121 ·1 f.0 
1 51·180 
181·210 
211-240 
241-250 
1-180 
1·250 
I ~ ~~ I t~i I ~.~~ I ~.~~ 1/ U~ I ~:~! II U~ 1/ g~ 1/ tg 4.63 4.44 399 4.25 4.28 I 420 475 6.26 5.43 5 62 5.59 4.83 I 4.55 4 54 I 4.48 5.02 / 6.29 6.34 
6.88 6 ~1 629 I 689 6.94 I 480 I 5.25 6.29 7.16 
I 6.60 6.18 6.54 8.02 7.99 4.98 I 5.38 I 6.28 7.14 
After free-choice self·feeding was inaugurated, 181st day 
4.30 
3 .49 
413 
5 .07 
5.70 
605 
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sively manifests towards the crude protein when it is allowed 
in the ration free-choice style, as in Groups I, II, III or IX. 
There is a marked tendency in free-choice feeding to a narrower 
ratio in the early days following weaning than any of the feed-
ing standards specify. Group I, for instance, showed the follow-
ing ratios during the early days of feeding: The first 10 days 
3.86; second, 4.43; third, 3.36; fourth, 3.58; fifth, 3.71; after 
which considerable widening gradually took place. With Group 
IX we find the crude ratios for these periods as follows : 3.68, 
3.85, 3.78, 4.00 and 4.09. In another year free-choice pigs fed 
corn and tankage in separate feeders showed crude ratios for the 
same periods of 2.59, 2.62, 2.60, 3.95 and 3.24, after which the 
ratio gradually widened after eight months of feeding to close 
to 9. 
It will be noted that the buttermilk group, IX, took a wider 
ratio thruout the period than did Group I, not receiving butter-
milk. This may possibly have been due to the more efficient pro· 
teins in the feed combination of the buttermilk-fed group. The 
average ratio of Group I for the 250 days of feeding is 5.82, as 
compared to 6.03 for Group IX. The percentage of protein of 
total nutrients is 14.66 and 14.21 percent, respectively. If the 
protein is efficient, less of it will be required to do a unit's service 
than if it is inefficient hence, with efficient proteins the ratio will 
be wider. 
The narrow crude ratio of the feeds eaten by the free-choice 
Group X will be analyzed. This group received less efficient 
carbohydrate equivalent than did Group I, for instance, largely 
because of the fiber and other relatively less desirable materials 
in the alfalfa as compared to the other feeds. The difference in 
ratio is 5.40 in Group I compared to 4.81 in the alfalfa fed 
Group X, for 180 days of feeding, and 5.82 as contrasted with 
5.18 for the 250 days of feeding. If the carbohydrate equivalent 
is inefficient, more of it will be required in proportion to the pro-
tein. The ratio on this account alone would be wider. But there 
is a counter and over-balancing factor because of the e'Xtra fiber 
present in the alfalfa. Inasmuch as the feed consumption per 
pig is limited by the fiber, the alfalfa-fed pigs would nece~sarily 
need a higher percentage of protein in their feed to get an equal 
amount of protein to similar pigs which can eat more feed. There-
fore, the feed must be made richer in protein because when the 
pigs eat less feed they simply have to narrow the ratio in order 
to get the minimum of protein needed. The percentage of pro-
tein of total nutrients is 16.18 in the alfalfa ration, as compared 
to 14.66 in the ration of Group I. 
Pigs fed by hand twice daily usually eat a narrower ration 
than those fed free-choice style. That was the case in this ex-
pe'riment. Does this mean"a less efficient 'utilization of the pro-
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tein when the ration is partially limited, or does it mean that 
hand-fed pigs overeat on protein ? When the pigs are quite 
young and rapidly growing', their internal urge for protein per 
unit of weight is probably greatest, so when troughs for free-
choice feeding are presented the pigs' first inclination is to ge t 
the protein feed and in so doing they may eat too much, This 
point is worthy of further investigation. 
It is very noticeable from the figures that all of the feeding 
standard groups with one exception, (the Kellner group, VI) 
narrowed their crude ratio after self-feeding, free-choice style 
was inaugurated on the one hundred eighty-first day. In all 
instances the pigs did better after the change than before. There-
fore it is believed that their particular appetite manifestation 
at this time regarding the ratio was right whichever way the 
ratio went, because the pigs improved in all cases. 
The" digestible" nutritive ratio is presented in table XXXIV 
for comparison and r eference. 
The digestible nutritive r a tio of the feed consumed runs con-
siderably higher than does the crude ratio. This may be better 
illustrated by comparing a few groups and figuring the differ-
ences. On the basis of 180 days of feeding, the two ratios with 
their differences for four representative groups are as follows: 
The selected Crude nutritive Digestible Difference 
g roup ral io nutritive ratio between ratios 
I 5.40 6.19 .79 
V I 4 .R8 4.96 .58 
VIII 6.27 7.26 .99 
IX 5.73 6.48 .75 
X 4.8 1 5.41 .60 
It n eeds to be emphasized, however, that the absolute differ-
ences in ratio are less when the ratio is narrow than when it is. 
wide. The difference between the crude and the digestible ratio 
for the first 30 days of this experiment for the same groups 
TABLFJ XXXI V. D IGESTIBLE NDTRITIVE RATIO OF TilE FEED 
GONSD,llBD 
I THE GROUPS Period of , __ --,-__ ,-_--. __ 
__ fO(:::r~::-c;"'_~g_-'----'I"-=i..I____=.II II III II IV II V II VI II VII II VIn I IX \ X 
130 
3 1·60 
61·90 
9 1·1 20 
1 2 1·150 
1 5 1·180 
1 8 1·210 
211·240 
211·250 
1·180 
1·250 
I Digestible protein is to digestible carbohydrate equ ivalent as 1: 
I 4.20 I 4.06 I 4.44 I 4.40 I 4.36 I 3 .49 I 4.30 I 7 .2214.08 1 4 .69 4.40 4.3.'; 4.10 4. 71 I 4.69 I 4.42 5.06 7.23 4.91 3.77 
I 5.30 I 5.05 1 4 .49 I 4.79 I 483 I 4 .73 I 5.39 I 7.25 6. 1 8 458 6.48 6.44 5.51 5.16 5. 14 I 5.08 5.72 I 7.28 ' 7.25 5. 74 
I 7.96 7.2 8 7.20 I 8.01 I 8.06 I 5.46 I 6.01 I 7.2 8 I '8. 1 9 I 654 
8.90 7 .1 6 I 7.53 I 9.38 I 9.36 I 5.C 8 I 6.1 6 7.27 L8.16 I 7 .00 
Af~er free-choice self-feedin g \vas inaugurated, 1 8 1st day 
8.71 8.B7 6.59 7.65 7.29 
8.67 9.32 7.46 8 .20 7.53 
8.52 9. 1 6 8.03 7.96 6.60 
6.19 7. 26 6.48 5.4 1 
6.72 7.22 6.84 5.89 
• 
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TABLE XXIV. WATER CONSUMED IN POUNDS PER PIG DAILY 
P eriod of l Mean j THE GROUPS 
feeding temper- _ ---;----.,.---,--;~--.-.... ,
days a ture* I I II I III I IV-r-V I VI I VII I VIII I IX I X 
11-20 - - 73- 5.65 6-:-95 -3_96~2014.46-1 
41-50 64 7_7 5 9.36 7.36 6.91 7.16 
71 -8 0 57 9.66 10.19 9.12 9.28 I 9.58 
101-110 54 9.94 11.10 10.77 12.341 11.71 
1 3 1-140 31 6 .90 7.24 8.69 8. 13 9_57 
161-170 22 5.19 6.74 5 .19 6.93
1
7.71 
191-200 28 4. 80 6.28 4.86 7.16 7.3 5 
221-230 30 5.62 6.26 5.54 7.26 9.81 
241-250 33 6.29 5 .2 7 4.74 5.55 8.53 
* At 7 p.m. (F.) College Station . 
4. 58 
7.34 
8.80 
11.56 
9.94 
8.64 
7.26 
8.26 
7.49 
4.47 
4.77 
5_13 
6.39 
7 .28 
7.89 
6.88 
8.31 
8.07 
2--.--99- 1 5.95 1-- 5 .28 
4 .17 8 .94 8.75 
5.00 9.31 9.4G 
7 .82 10.69 11.65 
6.77 6.92 7.60 
6.54 7.12 7.08 
5.34 6.95 5 .98 
6.35 8.75 6.63 
5.59 6.97 5.98 
selccted above 'were as follows : Group I , .37; VI, .35; VIII, .98; 
IX, .31; and X, .39. The crude ratios during the 30 days for 
thcse groups were: Group I, 3.83; VI, 3.14; VIII, 6.24; IX, 
3.77; and X, 4.30. 
Water cons'umption studies : The water consumed by the dif-
ferent groups was weighed by 10-day periods. The average 
amount of water consumed per head daily, including that drunk 
as well as that carried by the feed, is shown by 10-day periods 
(the middle 10 days of each 30-day period in all instances except 
one ) in table XXXV. 
Only a r"mall proportion of the water consumed was taken in 
with the feed; most of it was drunk from the trough. In the dry 
feed fed groups, such as I, the water obtained from the feed 
ranged from 6 to 21 percent. In the later days of feeding, when 
the water consumption was light and the feed consumption rela-
tively heavy, a higher percentage was secured from the feeds. 
The buttermilk group, IX, obtained approximately from 21 to 
39 percent of its total water ration from the feed. Table 
XXXVI shows the percentage of total water ingested as " feed " 
water for Groups I and IX. 
The season of the year, because of the differences in warmth 
and humidity, affects the water consumption. In July and 
August, for instance, the consumption is greater than in January 
and February, under Iowa conditions. In the South, where it 
is warmer both in summer and in winter, the seasonal water con-
sumption relationship would be affected accordingly. 
TAVLE KKK1'!_ PERCENTA GE OF '!IOTA!, WATER CONSUMPTION 
lNGES1'E D I N P'EJ<JD 
P eriod of 
feeding 
__ ~y.:::.s ___ ~ 
11-21 
4·1-50 
71- 80 
] 0 1 11 0 
13 1-140 
161 - 17 0 
191-200 
22 1-230 
241-250 
Group IX, dry feeds, 
.=G.:cro:.:u:..c1}'--...::I -,-:' ""d,_.:.I'"-Y---,-,fe,,,€::..d _---:-___ ~b..::ut.termilk 
- 6 2 1--'----
6 26 
9 2R 
!l 2" 
13 3 7 
JO 36 
10 32 
21 36 
1 5 39 
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The pigs were started in this experiment about the middle of 
July and so began their water record in a hot period. The tem-
perature after this first 30 days gradually became cooler until in 
January. Despite increasingly cold weather up to late October, 
~ '. 
the water consumption in-
creased daily and reached its 
maximum in the one hundred 
first to one hundred tenth day 
of the experiment. The am-
ount of water consumed per 
hundred pounds live weight 
daily by 10 day periods is 
shown in fig. 22. 
In the early days of feed-
ing the full-fed groups re-
quired from 10 to 13 pounds 
of water per hundred pounds 
of live weight daily, but by 
the time the pigs had reached 
the two hundred fortieth day 
Fig. 22. Chart showing water consumed per of feedin!r the consumption 
100 pounds live weight. ~ 
had fallen to less than a fourth 
of what it was at the beginning, or approximately 2 to 3 pounds 
per hundred of live weight. 
The amount of water consumed per hundred pounds of dry 
matter consumed is given in table XXXVII in round numbers 
for the same periods as the daily water consumption per pig. 
TABLE XXXVII. POUNDS OF WA'TER INGESTED PER 100 POUNDS 
OF DRY MATTER CONSUMED 
THE GROUPS 
Period of 
feeding 
days I II III 
1-1--1- 1- 1-1-
IV 1 v 1 VI 1 VII 1 VIII IX X 
!i:;g---l~~ -~~~ I~lf 1- ~~i 1 ~'~~ 1 ~~r -~If 1 
71·80 165 189 196 , 225 236 1 267 199 
101-110 163 177 195 203 204 284 195 
131-140 112 145 147/139 180 1 208 195 
161-170 103 137 104 131 15411 155 172 
191-200 112 119 86 126 144 131 112 
221-230 130 123 97 126 166 145 140 
241-250 143 129 92 107 147 145 132 
161 I i~~ 
if6 1 124 
m j 105 
264-238 
234 284 
178 202 
178 230 
140 153 
142 145 
164 125 
174 132 
167 152 
The following deductions may be made from our water con-
sumption data: 
1. Pigs self-fed free-choice consumed less wa:er than did the free-choice 
hand·fed p'gs during 180 days of comparable feeding. When the hand-
fed pigs were self· fed, they showed a marked lessening of water consump-
tion per nnit dry matter. 
2. The Dietrich standard forced the p:gs to take more water per unit 
of dry matter than where the water was taken at free will. 
3. The Kellner standard-fed pigs took more water to the pound of dry 
matter than any of the standard-fed groups, presumably because of the 
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higher protein consumption. This group aiso took more than the com-
parable free-choice groups, I, II 01' III. 
4. The least water pel' pound of dry matter was required by VIII; the 
low p,otein consumption apparently decreased the requirement. 
5. The buttermilk-fed pigs, Group IX, uniformly took more water per 
head daily as well as pel' unit dry matter than Group I, to which they are 
~.trictly comparable. . 
6. Group X, presumably because of the excess: ve alfalfa fiber consumed 
and because of the higher protein percentage in the ration, took more wateJ', 
both total and per hundred pounds of dry matter, than the low fibered 
Group I, without alfalfa. 
EXPERIMENT B-COMPARISON OF' SWINE TYPES 
OBJECTS OF THE EXPERIMENT 
It is commonly known that swine differ markedly in their 
general conformation, type, capacity, dressing percentage, charac-
ter of carcass and in other ways. It stands to reason, therefore, 
that hogs of different type should vary in feed requirements. 
To demonstrate how pigs of different types and different fat 
maturing' qualities balance their ration, and to study how they 
gain and develop, five different representative and selected litter,,; 
were fed individually from weaning time until the pigs averaged 
300 pounds in weight. The problems were chiefly to compare 
different types from the standpoint of determining just how they 
distributed the intake of crude protein, crude carbohydrate 
equivalent and crude dry matter thruout the various 30-day 
periods. A further pnrpose was to correlate the major differ-
ences resulting with the general body conformation and fatten-
ing qualities. 
ME'l'HODS OF EXPERIMENTATION 
D escription of the expM'intental litters: The five selected lit-
ters may be briefly described by lots as follows: 
Lot IX. General type, medium; body type, medium; meat type, strongly 
lard; set, medium to low; smoothness, choice to fancy; breed, Poland 
Chi.na. (See fig. 23). 
Lot X. General type, extremely small 01' "watch charm"; body type; 
extremely small; meat type, extreme lard; set, very low; smoo~hness, fancy; 
breed, Poland China. (See fig. 24). 
Fig. 23. The medium type, strongly 
lard, of the Poland China 
Breed. 
Fig. 24. The extreme small or watch-
charm" tY'Pe, extreme lard. 
of the Poland China Breed. 
Fig. 25. The medium to big type, 
lard to extreme lard, of the 
Poland China Breed. 
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Fig. 2G. The medium to big plus type, 
bacon. of the Tamworth 
Breed. 
Lot XII. General type, medium to big; body type, medium to b'g; meat 
type, lard to extreme lard; set, medium; smoothness, fair to good, some-
what rough; breed, Poland China_ (See fig_ 25). 
Lot XV. General type, medium to big, plus; body type, medium to big, 
minus; meat type, bacon; set, medium to high; smoothness, good to choice; 
breed, 'l'amworth. (See fig. 26). 
Lot XVIII. General type, big, minus; body type, big, minus; meat type, 
bacon; set, high minus; smoothness, choice; breed, Yorkshire. (See fig. 27). 
Feeding and management: These pigs were weaned at 60 days 
Fig. 27. The big minus type. bacon, 
of the Yorkshire Breed. 
of age. During the suckling 
period the sows and litters were 
self-fed free-choice style on 
shelled corn, meat meal tankage 
and salt. The male pigs were 
castrated early. 
After weaning each litter was 
continued on the same feeds, 
self -fed free-choice, as previous-
ly. Feeds and weights were kept 
on a 30-day basis and the pigs 
were measured every two months. 
RESULTS OF EXPERIMENT, DATA AND INTERPRETATIONS 
G1'owth st'udies of pigs: These litters varied considerably in 
grovvth as shown by body length (ear base to tail root), height 
at shoulder, chest width and chest depth. Table XXXVIII gives 
the measurements at various periods together with the percentage 
gain between the periods_ 
The measurements show clearly the differences in body type. 
Even at about 2 months of age, the small and medium lard types 
show less height and width than do the medium and big bacon 
types. 
At 240 days of age, the big type bacon hogs are taller and 
higher than the small and medium type lard ones. The former 
are not so wide in the chest but show a moderately deep body, 
not so deep on the average, however, as the smaller, more" lardy " 
type. The percentage growth offers a good comparison, but the 
absolute growth is probably the more pertinent inasmuch as the 
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percentages vary greatly depending' upon the weight and original 
measurements at weaning time. A small variation in the original 
weaning time figures may make a big variation in the percentages 
of growth. 
The growth in absolute inches from 60 to 240 days shows that 
in length of body the Tamworth and Yorkshire of the medium 
to big type outgrew the Poland China of the medium and small 
type. The spread, of course, was greatest when compared to the 
extremely small type. In height, the differences are not so mani-
fest. The growth in width and depth of chest clearly favors the 
medium lard type, with the small type less than the medium 
to big bacon hogs. 
TABLE XXXVIII. AVERAGE MEASUREMENTS AND GROWTH OF THE 
PIGS BY LI'1'l'ERS 
Medium 
Extreme· to big ~1:edium 
Iy small Medium type, to big Big 
ty pe, type, lard to plu s minus 
extreme strongly extrem~ tYP2 type, 
lard, lard , lard , bacon, bacon, 
Item Poland Poland Poland Tam~ York-
covered China Chin a Chin a worth shire 
Av. initial weightof pigs measured I I 
II 
I 
at 60 days of age, pounds 36 I 3 1 27 23 I 29 
No. of pigs measured thruout tho I II II test 1 * I 0 8 9 7 
Me3.surement at 60 days INCHES 
Length, body 20.9 
I 
20.0 20.5 19.3 
II 
21.9 
Height, shoulder 11 .8 11.5 11.9 12.7 12.9 
Width, chest 5.9 5.9 5.6 5.2 5.4 
Depth, chest 6.9 c.2 6.7 0.0 6.5 
Measurement at 240 days 
Length, body 44.5 I 47 .1 44.4 47 .8 
I 
49.6 
Height, shoulder 2 1.9 I 23.3 24.0 23.8 23.8 
Width, chest 1 2.6 
\ 
1 3.6 11.7 11.7 11.0 
D epth, chest 13.4 1 5 .4 14. 5 14. 3 13.3 
Measurement at 300 pounds 
L ength, body 51.2 I 50 .5 52.6 54 .7 5 1. 3 
H eight, shoulder 25.2 I 24.1 25.5 26.0 25.2 Width, chest 15.0 13.6 1 3.8 1 3.2 12. 5 
D epth, chest 17.9 I 1 6.3 16. 8 
\ 
16 .3 1 3. 7 
Growth, 60 to 240 days I I 
L en gth, body 23.6 
\ 
27. 1 23.9 
\ 
2 7 .9 
I 
27.8 
H eight, shoulder 1 0.0 11. 8 12.0 11.1 10. 9 
Width, chest 6.7 I 7.7 6.2 6.5 5.6 
Depth, chest 6.5 \ 
9.2 
I 
7.8 8.3 6.9 
Growth, 60 days to 300 pounds 
Length, body 30 .3 
I 
30.5 32.0 34.8 
I 
29.4 
H eight, shoulder 1 3.4 1 2.6 
\ 
1 3 .6 1 3.3 12.4 
Width, chest 9 .1 7.7 8.2 8. 1 7.1 
D epth, chest 11.0 I 10.1 I 10.1 10.3 7.2 
Percentage growth , 60 to 240 day, PERCENTAGES 
L ength, body 11 3 136 I 117 141 1 2 7 
Height, shoulder 85 102 101 87 85 
Width, chest 113 130 111 127 104 
D epth, chest 94 147 118 1 39 1 06 
P ercentage growth 60 days to 30C 
pounds 
145 1 53 1 56 176 134 Length, body 
Height, shoulder 113 109 114 105 96 
Width, chest 153 130 148 156 1 32 
Depth chest 160 163 153 172 112 
* Only pig reached 300 pounds in weight, the othel's becoming dangerously 
"wheezy" and disastrously over-fat earlier. 
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" 
THE LEGE:N 0 
LOT IX MEDIUM -----------~- POLAND CHINA 
---- ----- ---- POLAND CHINA LOT X SMALL 
LOTXII BIG 
LOTXV BIG 
LOrXVIll BIG 
-- -- -- -- - - PO LAND CHINA 
----------- TAMWORTH 
------ -------- -- ------- YORKSHIRE 
The above legend applies 10 figs, 28 to 31, inclusive, 
Packers and butchers have long since found wide differences 
III these fat hog types in killing quality. The carcasses vary 
.. .,. greatly as do the dressing per-
~ I.> centages. The chemical com-
i? I.Z ~ \ position of protein, fat and 
g /. / .~ minerals in swine, likewise, 
;;; ~ 10 !" . ~. varies according to the type. 
;:: S t. .9H!--fI-hl \'hl"-+-++-I-+-H i v, y"::,, Much depends, of course, up-
e ~ e \" " on the degree of fatness and 
~ • ~ .7 " "\, the relative distribution of the ~ ~ ~ .6H--f--+-f,\~ ....r++-I-+-H 
• ~ S1 5 \ " fat, lean and bone thruout the 
>= ~ ~ . carcass. 
i:j ~ ~ '+H--t--+-+-+'~d--I-+-H 
I- ... _ 5 '\ .~ -'.. In view of these differences, ~ :z '-, we should expect that the feed 
~ . f [",,...- consumed by the different 
c .0 types would vary both in 
' 0 10 /20 /50 180 210 t,40 Z'IfJ lOD no JIA • d l' d 
30 60,. 120 150 181) 210 1'1O;no:>oo quantIty an qua Ity, an that 
Fig. 28. Chart showing crude protein con- an ideal allowance of protein 
sumed per 100 pounds live and carbohydrate equivalent 
weight by types. 
per 100 pounds live weight 
for one type maybe amiss for another. 
A detailed study of nutrients consumed and required by pigs: 
The crude protein consumed per 100 pounds of live weight is 
charted by 30-day periods in fig. 28. The consumption starts 
out higher than usual with these particular pigs, but the signifi-
cant consideration is that the small "watch charm" type should 
start out with the largest requirement in the first three months 
and end up with the least requirement. This smaller type of pig 
started out with 1.3 pounds of crude protein consumed per 100 
pounds of live weight and ended up consuming less than 0.2 of 
a pound when about 350 days of age. These groups at the same 
age vary about 0.2 of a pound of crude protein per 100 pounds 
live weight. 
The total crude carbohydrate equivalent by 30-day periods is 
charted in fig. 29. Here we note even wider differences in the 
amount consumed per hundred pounds of live weight than with 
~ ., ""Zr-l--,--,---.--,--.--.--r--r-r---, 
~ § ~9 H=-l--+Lf\-, ..+-+-+-+-H-I 
g ~ l'l--+-1\4H'-\-l-' -1--t-+-+-H ~ I ~ ,t-t-I-lI V*+--''t--H-+-+--+--1 '~to. 5 :Y."I-t-~-li\\-h~""""'*t-=fr-+-+-+-f---I 
H ~ ~7Y9",,' v.1t'>=-"i!-,1'.,<,!' Prll\-\-t-l--t--t-l ~ ~ ~ 24f'--+,--'+-" 1--' +-.\j-'*"'f,k-+"+-+-H 
< ~ . \ \" e ~ ~ 1.1 H -+-+--+-+--\t-'cPt--H-----i 
r il;' "'f-+-H H --+--+c+-++-+---I 
e is"' 'SI--+-+-+-HI---I---+,-d--+--f-I ~p.;. -
~ ~ 12H -+-+- 1;-I---I-+-l-"ci-74--l 
~ ~ .9H-+--+-+-+-+-+-H-l--l ~ It ,. 6O!-:--!?J':-/~""'---/~C5{/:-:l':::--::2JO',---:lm:-l:':"-:"":':--:!",,~:UC;--' 
VI UJ 90 110 !sa 180 210 240 170 W 
Fig. 29. Chart showing carbohydrate 
equivalent consumed per 100 
pounds live weight by types, 
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the protein consumption. The difference amounted to over a 
pound in the early ages and decreased about the middle of the 
feeding period. The small type pig shows considerable variation 
from the others. This extremely small type may well be con-
sidered as an outstanding type of the" chuffy" order, very dif-
ferent from the others. Because these pigs ate heavily of pro-
tein, they necessarily ate less carbohydrate equivalent due to ap-
parent lack of alimentary space. 
, The question arises in the author's mind as to whether the 
particular tankage used in this experiment was not lacking in 
vitamins, certain amino acids, or other essentials to the extent 
that the pigs had to eat a little more of it than ordinary in order 
to get needed ingredients. The fact that these pigs gained so 
well, one group reaching 300 pounds in 260 days, indicates strong-
ly that the combination of corn and tankage together with salt 
was, in this particular experiment, adequate for good nutrition 
(see fig. 30). Subsequent experiments show clearly, however, 
that a corn, tankage and salt combination may be greatly im-
proved by the addition of such feeds as linseed oilmeal, alfalfa 
meal, cod liver oil and other selected feeds. However, even with 
this seemingly adequate ration, differences showed up which were 
probably not due entirely to variations in type. In general, this 
shows the imperative need in making up a fceding standard not 
to place too much emphasis upon definite figures but to allow 
for range so as to cover the variation in nutrient requirements 
of the different types of growing and fattening swine. 
SWntl1w1'Y of experimental data: Inasmuch as all of the group;; 
01 different types were carried to the 200 and 300-pound average 
w.eignts, a study of the record from weaning time up to each of 
these weights shows the ability of the various types to make rapid 
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TABLE XXXIX. 'l'IlE FEEDING AND I NCREASE RECORD Oli' THE LIT1'ERS 
(Weaning time at 60 days to 200 Ibs . average weight) 
X IX XII XV XVIII 
l\1edium 
Extr eme' Medium to big Big 
Iy small Medium to big plus minus 
________ ~It=e~nl~C~0\~'e~r~e(~l ________ :~~ __ t~y~p~3_,,_~ty~p-e--._~ty~.~~ 
~ No. of pigs in litter : I At the s ta rt 4 I 6 8 9 8 At the fini sh 4 6 8 9 7 Av. initial weight, pounds 30 31 27 23 30 A v . final weight, pounds 200 I 200 200 200 200 Age in days 193 207 220 225 222 No. of days feeding 13 3 I~ 160 ~ ~ 
POUNDS 
Ay. daily gain 1.28 I 1.15 1.08 1.07 1.05 Av. daily feed per pig: 
Corn, shelled* 4.32 I 3.78 3.75 3.18 3.37 'Tankage .81 .61 .63 .72 .78 
Tota l 5 .13 I 4.39 4.38 3.90 4 .15 
Feed l'squired for 100 Ibs. gain: 
Corn, sh elled * 336 .2 328. 2 345.8 297.2 321.9 
rrankage 62.9 53.3 58.0 67.1 74.8 
rrotal** 399.1 381.5 403.8 364.3 396.7 
Tankage for 100 Ibs . corn grain 1 8 .7 16.2 16.8 22.6 23.2 
Nutrients req . for 100 Ibs. gain 
Protein, crude 71.05 64.44 69.01 69.82 76.91 
Carboh)'drate equivalent, crude 281.38 272.48 2 8 7.59 251. 86 273.3 7 
Total 352.44 336.92 356.60 321.68 350.28 
Tankage prote in consumed for 
each 100 Ibs. corn protein 117.0 101.6 104.9 141.2 145.3 
Crude nutritive ratio, 1: 3.9-3 4.23 4.17 3 .61 3.55 
* All corn reduced to a 14 percent, moisture basis . 
**Excluding salt, l'ang ing from .01 to .02 lb. per 100 pounds gain. 
and economical gains and also brings out the differences in the 
character of the nutrients and their distribution thruout the 
feedi.ng period. The record up to 200 pounds in weight is shown 
in table XXXIX. 
The author has noticed in his work that the strictly bacon type 
of hog tends to consume a larger proportion of supplemental pro-
tein in augmenting' the basal feed protein than does thc lard type 
This table indicates the fact. The bacon hogs ate more pounds 
of tankage per 100 pounds of corn grain than did the lard types. 
The bacon hogs likewise, took a narrower crude nutritive ratio. 
Up to 200 pounds in weight the differences in feed requirements 
are not very marked and should be emphasized only in com-
parison with the quality of the product resulting. It appears, 
however, that the bacon pigs not only required a narrower crude 
nutritive ratio but also required a larger amount of tankage per 
hundred pounds of gain up to this weight. 
The larger lard types showed a higher rate of daily gain, ap-
parently because they had larger middles which permitted greater 
daily feed consumption. The feed consumption figures bear this 
out. All of the lard types ate more per head daily than the bacon 
types. It appears that we must be careful to avoid in our type 
development a contraction at the chest, paunch and flank in 
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width, depth and circumference. Actual measurements taken 
of the paunch girth on these groups showed that at 240 days, 
Groups IX, V and XI, representing the lard type, measured, 
respectively, 52, 51 and 48 inches, whereas the bacon type group~, 
XV and XVIII, measured only 46 and 44 inches. It seems un-
fortunate from the production standpoint that the development 
of superior bacon and Wiltshire sides should so strongly en-
courage contracted middles and trim, straight bellies. 
The feeding and gains record of the different types up to 300 
pounds average weight is shown in table XL. 
The lard types, excluding the extremely small and undesirable 
"watch charm" variety, reached the 300-pound weight at an 
earlier age than did the bacon litters. However, the bacon litters 
clearly excelled the small type pigs in this regard. Again we 
find that the tankage as well as the protein requirements for 100 
pounds of gain was greater in the medium to big type bacon hogs 
than in the medium to big type lard hogs. Likewise, the crude 
nutritive ratio was narrower than in any of the lard types. 
At the 300-pound weight the condition or degree of fab1es" 
differed in these litters. The medium type, Group IX, individuals 
ranged from choice to choice to prime; the extremely small type 
pigs of Group X were prime, being excessively fat; the medium 
big type lard pigs of Group XII were marked from choice to 
TABLE XL. THE FEEDING INCREASE RECORD OF THE LITTERS 
(Weaning time at 60 days to 300 lbs. average weight) 
I tem covered 
No. of pigs in litter: 
At the start 
At the finish 
Av. initial weight, pounds 
Av. final weight, pounds 
Age in days 
No. of 
I I I Illfedium I Extreme- Medium to big ly small Medium to big plus 
type type type type 
I 
I 
4 6 8 9 
3 6 8 9 
30 31 27 23 
300 300 299 301 
334 260 277 
274 200 217 246 
Big 
minus 
type 
8 
7 
30 
299 
292 
239 days feeding I ~ 
---
POUNDS 
A v. daily gain .99 I 1.35 I 1.25 
I 
1.13 
Av. daily feed per pig: I 
Corl1, shelled* 4 .84 I 5.07 
\ 
4.81 4.14 
Tankage .47 I .50 .51 .60 
Total 5.31 I 5.57 I 5.32 4.74 
Feed required for 100 lbs. gai n : I 
I 
Corn I shelled * 489.7 I 376.8 383.4 367.3 Tankage 47.5 37.2 40.9 53.6 
Total* * 537.2 
I 
414 .0 424 .3 420.9 
Tankage for 100 lbs. corn grain 9.7 9.9 10.7 14.6 
Nutrients req. for 100 lbs. gain I 
Protein, crude 71.90 55.70 
I! 
58.51 64.71 
Carbohydrate equivalent, crude 407.21 313.51 327.34 310.66 
Total 479.11 369.21 385.85 375 .3 7 
ankage protein consumed for I II each 100 lbs. co~n protein 66.1 I 66.9 71.5 72.6 
T 
Crude nutritive l"atlO. 1: 5 .66 I 5 .63 I 5.59 I 4.80 
* All corn reduced to a 14 percent moisture basis. 
** Excludes salt, ranging from .02 to .06 lb . per 100 pounds gain . 
I 
\ 
\ 
fT3-
4.41 
.64 
5.05 
391.4 
57.3 
448.7 
14.6 
69.0f) 
331.15 
400.21 
99 .6 
4.80 
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choice to prime. They also were quite fat. The bacon hogs, 
medium to big type, of Group XV, were thinner than the afore·· 
mentioned groups. They ranged from medium to good to good 
to choice, whereas Group XVIII pigs of the big bacon type were 
even thinner than Group XV, ranging from medium to good to 
choice. 
The extremely small type pigs have practically gone out of 
existence because they have been found inefficient, both physio-
logically and from the market standpoints. Group X represented 
this old-fashioned "hot blood" type of pig. 
A NEW FEEDING STANDARD FOR FATTENING 
YOUNG PIGS 
The complexity of our feeding standards, both past and pres-
ent, involving digestible nutrients and including the fiber in the 
carbohydrate equivalent computations and hence in the require-
ments, suggested to the author many years ago the advisability 
of developing a more simple feeding standard for young fatten-
ing pigs. 
Inasmuch as the author has always found it inadvisable to use 
the dry matter figures, he has believed that they should be omit-
ted, hence, they are omitted from the new standard. 
The apparent futility of accurately feeding pigs according to 
a requirement of digestible nutrients, determined on the basis of 
digestion coefficients secured with cattle, sheep and horses, has 
long since been recognized. After all, even tho we use the digestion 
coefficients as determined with swine, we are getting somewhat far 
afield because these coefficients themselves are based upon certain 
arbitrary assumptions that introduce errors. 
Some day, when we know more accurately the actual net en-
ergy available from the various feeds for fattening swine, we 
Fig. 31. Both of these pigs \vere self-fed, free-choice, sty!e. 
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may possibly use therms as the energy basis. When we know 
more about the specific role of the amino acids, as well as the 
role and availability of proteins generally, then we may hope 
for a greater simplification. The diverse problem associated 
with the vitamins, their chemical r ecognition, their accurate de-
termination in feeding stuffs and their quantitative requirements 
in nutrition, lead us into fields of complexity. The intricate 
questions that confront us in mineral metabolism, involving 
sodium, chlorine, calcium, phosphorus, potassium, iron, iodine, 
copper, manganese, fluorine and other elements, the correct allow-
ance, the right compounds, the optimum needs for different 
functions and purposes, are pressing for solution. Progress is 
being made in these various domains of investigation, and in the 
decades ahead the enhanced knowledge we gain along nutritional 
lines will find substantial echo in our feeding standards. In the 
meantime we need, in the light of our present knowledge, a more 
simple feeding standard; a standard that may be readily figured 
with convenience and easily put into execution on the farm. 
THE FEEDING STANDARD SUGGESTED 
We are E-uggesting, therefore, a feeding standard in tables XLI 
and XLII. 
SPEOIlNO SUGGESTIONS FOR OPERATING 
WIDE VARIATION IN RE QUIREMENTS OF NUTRIENTS 
A variation up to 15 percent in the requirements of crude pro-
tein and fiberless carbohydrate equivalent may be expected; in 
truth, a variation as great as 25 percent may be experienced, b3-
TABLE XLI . A SUGGESTED FEED I NG STANDARD FOR GROWI NG AND 
PA1'TENi XG PiGS 
I Fiberless 
Fiber!ess I 
car bohy· 
drate Dry 
Assumed 
I 
equiva- matter, 
weight Protein , lent, approxi- nutritive I 
per pig crude crude mate ratio, 
lbs. lbs. lbs. * lbs.** crude 
Per 100 pounds live weight dai!v 
25 1.15 3.5 
II 
4.6 
I 
3.0 
I 50 1.05 3.5 4.5 3.3 75 .99 3 .4 4.4 3 .4 100 .92 3.4 4.3 3.6 
J 25 .85 3.4 4.2 I 4.0 
I 
150 .78 3.3 I 4 .1 4.2 175 .69 3.2 
I 
3.9 4.6 
200 .62 3.2 3.8 5.1 
225 .55 3.0 3.5 5.4 
I 
250 .48 2 .8 3 .3 5.8 
275 .41 2.6 3.0 6 .4 
300 .37 2 .4 i 2.8 6.5 350 .3 1 2.3 2 .5 7.1 400 I .25 2.1 2.3 8.4 
Protein, 
crude 
in dry 
matter 
percent 
25.0 I 
22.8 
22.5 
21.4 
20. 1 
19.0 
17.7 
16.3 
15.7 
14.5 
13.7 
13.2 
12.4 
10.9 
'Vater consumpt i on, 
n total , estimatio 
per 100 pound s 
l ive weight 
lbs., daily 
Sprlllg 
Pigs 
13.6 
11.6 
11.6 
9.6 
8.2 
7.2 
7.0 
5.0 
4 .3 
3.4 
2 .8 
2 .4 
1.8 
1.6 
Fall 
Pigs 
1 0.6--
9.6 
9.6 
8.1 
7.4 
6.6 
6 .5 
5.3 
4.3 
3.4 
2.9 
2.4 
1.8 
1. 6 
* N itrogen-free extract plus 2.2 times ether extract. 
** On basis of approximately 3% fiher, 5% fat (ether extract) and 3% ash. 
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TABLE XLII. DAILY RATION, FEED CONSTITUENTS, AND WATER CON· 
SUMPTlON, BASED ON FEEDING STANDARD GIVEN IN TABLE XLI 
Assumed 
I 
Fiberless 
weight carbohy-
P'2l' pig Protein, dratc 
lbs. Ration * cr ude equ ivalent 
Total per pig daily pounds 
25 1. 3 .29 I .9 
50 2.6 .53 1.8 
75 3. 8 .74 2.6 
100 4.9 .92 3 .4 
125 6.0 1.06 4.3 
150 6.9 1.17 5 .0 
175 7.7 1.21 5 .6 
200 
I 
8.6 1.24 6.4 
225 9.0 1.25 6.8 
250 9.3 1.20 7.0 
275 I 9 .4 1.13 7.1 
300 I 9.6 1.11 7.2 350 9 .8 1.07 7.8 400 10.4 1.00 8.4 
Protein , 
crude, 
in ration 
% 
I 22.0 
I 20.5 
I 19.8 
I 1 8.8 
I 17.7 
I 17.0 
I 15.7 
I 14.4 
I 13.8 
I 12.9 12.0 
I 11.5 
I 11.0 
I 9.6 
Approximate water 
consumption, free-
will, per pig dail y 
pounds 
Sprl11g 
Pigs 
3.3 
5.5 
8.5 
9 .0 
9.5 
10.0 
11.5 
9.0 
8.5 
7.5 
6.5 
6.0 
5.3 
5.2 
, E all 
Pigs 
2.5 
4.5 
7.0 
7.5 
8 .5 
9.0 
10.5 
9.6 
8.5 
7.5 
7.0 
6.0 
5.3 
5.2 
* Based on an average moisture content of approximately 12 percent. 
cause of the wide differences existing among individual pigs and 
in the efficiency of various feed combinations. The variations, 
when met, are practically always larger at the lesser weights, 
from 25 up to 200 pounds. After the pigs get considerable of 
their growth, 225 pounds or thereabouts, the logical expectation 
is for much less variation. 
WEIGH'l'S OF PIGS ARE IMPORTAN'f 
Weights are given as the basis upon which to compute the or-
ganic feed requirements, for these are much more reliable and 
trustworthy than ages in months. 
WATER REQUIREMENTS VARY CONSIDERABLY 
Fall pigs in their third, fourth, fifth and sixth months, because 
of the extremely cold weather in the northern United States, will 
not drink nearly so much as spring pigs, whose third, fourth and 
fifth months come in much warmer weather. In the south and 
other markedly different climatic sections, one will naturally 
expect an increase over the figures given. 
GAINS TO BE EXPECTED 
The feeding standard given is based on medium to big type 
pigs for good breeding, which are fed on an adequate ration and 
make good to superior gains. The following tabulation on 
"Weights for age" may be used as a guide in determining 
whether 01' not the gains attained for successive months are sat-
isfactory. 
Rapid gains are economical gains, in that the feed requirements 
per hundred weight produced decrease quite regularly as the, 
daily gains increase. The author's studies (21a) show that in 
the production Qf 225-pound marketable hogs, starting with 40 
2i4 
pound weanling pigs, the feed requirements lessen as the daily 
gains increase as per the following figures: 
WEIGHTS }'OR AGES PER PIG BASIS 
Good weights 
_ _________________ I-=-b-o::s.-;:-
Birth 2.2 
Age in days 
60 10 
90 70 
120 110 
150 150 
180 200 
210 245 
240 285 
270 320 
300 350 
330 380 
360 40S 
Superior weights 
_____ ~Ibs~.~--
2.5 
50 
85 
125 
180 
240 
295 
350 
400 
Average daily gain Estimated feed requirement (pounds) per hundred 
per pig, Ibs. 
0.4 
0 .6 
0.8 
1.0 
1.2 
1.4 
1.6 
l.R 
2.0 
pounds of gain made on dry lot 
497 
474 
452 
430 
407 
385 
360 
340 
318 
If the gains made are not in accordance with the ones given, 
one may well analyze the situation from the standpoint of the 
essential factors involved in efficient production. These factors 
briefly covered are: 
A. BREEDING OF THE ANIMALS. Are they the descendants of 
superior gaining strainsf Or are their parents and grand parents inferior 
in this respecU 
B. HEALTH. Is disease manifest or noU Are lice and mange eradi-
cated f 
C. ENVIRONMENT. How about the housing' Is there sufficient ven-
tilation' Are the pigs eomfortably bedded ~ Are the outside runs in good 
condition' Are the pigs crowded ~ How about the direct sunshine hours~ 
Do the pigs suffer from excessive heat or cold ~ Is the exercise optimum' 
Do stray dogs or other marauding animals disturb the pigs' Are the pigs 
sorted for ~_ge, size and condition ~ 
D. FEEDING AND WATERING EQUIPMENT AND METHODS. Is 
there suffic:ent feeding space at the troughs' Are the troughs kept clean 
and are they easily accessible' If the pigs are self-fed, do the feeders flow 
freely' Is the feed soi led frequently by the swine and, if so, can it be 
prevented' Arc the feeding hours properly spaced in hand-feeding' Do 
the pigs get enough to eat. Is the water pure, sanitary, easily accessible, 
sufficient in quantity and of the proper temperature' 
E. QUALITY OF FEEDS. Hogs do better if the feeds are of superior 
quality. Palatab!lity is emphasized. Poisonous qualities and toxicity of 
feeds may well b .:l considered in some cases. Moldy, musty, or otherwise 
contaminated feed oftentimes give poor results. Uniformity of the feed 
should be watched. Is the preparation suitable' Are the right feed com-
binations being used to insure adequate nutrition ~ 
F. MANAGEMENT. Is t.he herdsman or feeder skilled in looking 
after the interests of his charges' Does he treat his subjects kindly anll 
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with intelligent tolerance~ Does he detect prospective troubles before or 
soon after they show their "heads" or noU Does he handle housing and 
o:her problems to gain the maximum of efficiency in the way of increased 
gains and lessened feed requirements f In short-is he "on to h :s job"f 
ESSENTIALS OF THE NEW STANDARD 
A FULL-FEEDING SYSTEM 
The requirements are based upon a full-feeding program, using 
suitable, well selected feeds of low fiber content. In making up 
mixtures for self-feeding, the protein should approximate the 
figures given in table XLII under" Protein, crude in Ration %" 
or else the crude fiberless nutritive ratio should be followed in 
preference to the nutrient requirements per hundred pounds of 
weight. In self-feeding, the high protein supplement may be 
hand-fed aJong with the self-fed basal feed, which is estimated; 
then allow enough of the high protein supplement daily per pig 
to make up the requirement in protein. One may approximate 
the ratio, or better still, use the protein percentage requirement 
of the ration. For example, estimate the amount of corn or other 
basal feed consumed daily, then determine its crude protein 
content. Suppose the protein intake is computed to be 0.40 
pound per 100 pounds live weight for a group of 50 pound pigs, 
the difference between this and the requirement, then, is 1.0G 
(see table XLI ) minus 0.40 or 0.65 pound. If there are 1,000 
pounds of pigs present, then 10 times 0.65, or 6.5 pounds of crude 
protein will be needed. If 60 percent protein tankage is used, 
equivalent to 0.6 pound crude protein to the pound, then the 
amount to feed daily will be 6.5 divided by 0.6 or 10.8 pounds. 
In using the percentage composition method, we find that 50 
pound pigs require 20.5 percent crude protein in the ration. If 
corn and 60 percent protein tankage are fed, one should allow 
about 27 pounds of tankage with each 100 pounds of corn con-
sumed. This ratio is to be maintained until the pigs reach the 
half-way point of the next division in the standard, when a new 
computation is in order. The computation is repeated for suc-
cessive weights. 
WATER TO BE ALLOWED FREE-WILL 
Water should be allowed at free-will and in abundance. Free 
access to water is a cardinal stipulation. For fall pigs the water 
may well be given under cover and should be free from ice. Auto-
matic waterers equipped with a heating device have proven more 
acceptable than open trough watering in the author's winter ex-
periments with growing and fattening fall pigs; with spring pigs 
there was no significant difference. 
By heating the water sufficiently to take the chill off and allow-
ing the water automatically from the heated waterer during a 
four months experiment, December 22 to April 21, the gains per 
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pig daily were increased from 1.54 to 1.63 pounds (9 percent), 
and the feed required for the hundredweight of gain decreased 
from 430 to 388 pounds (almost 10 percent) as compared to hand 
watering in open troughs. 
ADEQUATE MINERAL MIXTURE IS TO BE FED 
A mineral mixture should be supplied free-choice style. This 
mixture should carry calcium, phosphorus, sodium, chlorine, iron, 
copper and iodine as the backbone elements. A suggested mineral 
mixture may be made up as follows: 
Salt, common , granul ated .... ________ . __ . ___________ . ___________ . __ .. __ .. ___ ______________________ ___ 20.00 
Limesto ne, selected, 980/0 or better calciulll carbonate, preferably 
s lightly granular ............. . ______________ . . __________ ____ ________________________________________ 40.00 
Bone meal, hi gh grad e _______________________________________________ _________________________________ 3 7.90 
Iron oxide, ferri c ____ ... __ . _____ ____________ _ . __ . _____ .. _______ _ . __ . ________ .. ____ . ___ .. ___ . ____ ._ .. ________ 2.00 
Copper sulfate ____________________ .. ________ _ . ________ . __ ___ __ __ ____ __ . _____ __ __ ____ ________ __ ________ .____ .03 
P ot&ssium iodide . ______________________________________________ . ____________ ._ ____________________________ .03 
Total ______________________________ . _________________________ , _____ _ • ___ . _____ . _____ . ______ 100.00 Pounds 
The author's experimental experience suggests the need of 
mixing some minerals with the supplemental feed, particularly 
when little or no animal source products are used. But even then, 
the additional allowance of the mineral mixture in a self-feeder 
is good practice. To insure that the mineral mixture be free from 
excessive dust and to augment palatability, onf' to two pounds 
of cane or beet feeding molasses may be thoroly mixed with each 
hundred pounds of the mixture. 
The consumption of minerals is dependent largely on the 
chemical constitution of the ration fed. Much more minerals are 
required to balance some rations than others. For instance, when 
an abundance of tankage, fish meal, milk and leguminous pastures 
. are fed, the amount of minerals ingested may be very low, less 
than one-third of a pound pCI' pig monthly. On the other hand, 
in dry lot. feeding on sandy soil when vegetable source dry feeds, 
such as grains and their by-products are used, the consumption 
may mount to 2, 3, 4 and even more pounds per pig in a month '8 
time. 
SUFFICIEN'l' VITAMINS SHOULD BE INCLUDED 
A sufficiency of vitamins (27, 51) A, B, C, D and possibly 
E (known to be necessary only for reproduction) should be in-
' sured by selecting feeds that carry them: Green pastures, yellow 
. corn, milk, cod liver oil, selected roots, alfalfa meal are good 
sources £01' certain specific vitamins. Yellow corn carries a good-
ly amount of the fat soluble vitamin, whereas white corn does 
not. Yeast and wheat embryos are rich in vitamin B and the 
latter is also very rich in vitamin E. Cod liver oil is a good 
carrier of the A and D vitamins. 
PALA'l'ABILITY IS ESSENTIAL 
Palatability is judged by having a knowledge of hogs and ex-
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perience in feeding them. Palatable feeds must be used to get 
superior results. Some unpalatable feeds are not necessarily 
poor feeds; they may be mixed with palatable feeds and thus 
made efficient. Linseed oilmeal and corn oil cake meal are ex-
amples. Both are good feeds when properly mixed with such 
others, as tankage, fish meal, skimmilk and buttermilk. 
VARIETY IS DESIRABLE, BUT NOT NECESSARY 
Variety used to be thought absolutely essential for good results, 
but it is surprising how well pigs will do on a mixture made up 
of the same feeds thruout a feeding period by merely changing 
the mixture from time to time to meet the requirements of the 
pigs. Such changes may not be drastic enough to alter the taste 
much. In such instances, the pigs receive a monotonous mixture 
and yet they do splendidly. The important thing is to have all 
of the essentials of an adequate ration present whether the feeds 
are given free-choice style or as a mixture. 
THE FIBER CONTENT SHOULD BE KEPT TO A PRACTICAL 
MINIMUM 
Low fibered feeds are essential if one would fatten young grow-
ing pigs efficiently. The fiber should be less than 2 percent in 
the entire ratio1} to secure near maximum results. It is because 
pigs cannot handle fiber to advantage that a carbohydrate equiva-
lent excluding the fiber consideration is suggested. A pig spends 
more energy on fiber than he gets out of it, hence it should not 
be included in figuring the nutritive ratio, nor in figuring the 
carbohydrate equivalent. It is only the utilizable portion of the 
carbohydrate equivalent which determines the physiological ratio 
that is approximately the best to allow. 
Experiments specifically attacking the fiber utilization problem 
have been conducted by Vestal at Indiana and the author at the 
Iowa Station. 
,Vestal's (55a) tests were conducted to determine the effects 
of adding fibrous feeds to basal fattening rations for hogs. We 
have rearranged the data of his first experiment and give these 
in table XLIII. 
In commenting on this table, Vestal, in part, says: 
"The rate of gain decreased as the fiber in the ration was in-
creased. The feed requireC!- to produce the gains increased as 
the fiber was increased. When the fiber content was increased 
to 10 percent there was a decrease of more than one-third in rate 
of gain, and an increase of 166 pounds of feed required to pro-
duce 100 pounds of gain." 
The author has computed the relative units of feed required 
for a unit of gain for the five lots fed by Vestal in his first ex-
periment and, using the check Lot I as a base (100 units), we 
find that Lot II took 104.71 units; Lot III, 108.70 units; Lot IV, 
141.71 units; and Lot V, 149.49 units. 
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~l'ABLE XLIII. INFLVENCE OF FIBER IN RATIONS FOR FA.T'l'ENING HOGS 
Ten Hogs were Fed in each Lot 
Lot 2 Lot 3 Lo~ 4 
ground ground ground Lot 5 
Lot 1 corn 82 corn 73 corn 64 ground 
ground alfalfa alfalfa alfalfa corn 60 
corn 92 meal 10 meal 19 meal28 oathulls32 
_______________________ tankag~e~8~ta~n~k~ag~e~8~t~al~lk~a~g~e~8~ta~n~k~a~ge~8~t~a~nk~a~g~e~8 
Approximate percentage of fiber 
in ration 
Days required to gain an aver-
age of 150 Ibs. per hog 
Average initial weight 
Average daily gain 
Average daily feed 
Feed per 100 Ibs. gain: 
corn 
tankage 
alfalfa meal 
oat hulls 
Total 
All hogJ were fed in dry lot. 
2 
62 
95.1 
2.42 
9.66 
367.0 
31.9 
398.9 
AH rations were mixed and self-fed. 
Feeding trial began Oct. 24, 1919. 
Percents 
1~----7-.5--'----1-0---'----1-0----
I' 65 l 95.0 I 
I 2.31 I I 9.64' 
342.5 
33.4 
41.8 
417.7 
69 
94.5 
2.19 
9.48 
316.2 
34.7 
82.3 
433.2 
98 
94.6 
1.53 
8.66 
361.8 
45.2 
158.3 
565.3 
90 
94.8 
1.67 
9.95 
357 .0 
47 .7 
191.6 
596.3 
The fiber fed in excess of 2 percen t (Check Lot I) caused an 
increase in the feed units required for the unit of gain. This 
and other results are presented in table XLIV. The author is 
entirely responsible for the analytical figures developed from 
Vestal's original data. 
In discussing table XLIV, we have chosen two series of lots. 
Series A includes Lots I, II, III and IV. Series B compares lots 
I and V. It will be noted that tho lots IV and V carry 10 percent 
fiber in the feed, the source of this fiber is different, and that 
the fiber from oat hulls (Lot V) had a more depressing effect 
than that of the alfalfa meal (Lot IV). ' 
In comparing Lots I , II, III and IV, using I as the base, we 
find that the gain made per 100 pounds feed decreased slowly 
as the fiber increased from 2 percent up to between 5 and 7.5 
percent in the ration, but that when the 10 percent ration was 
fed, the decrease in gain was relatively great. Consequently, 
as the gain decreased, the relative value of the feed fed also 
decreased. The depressing effect of each additional percentage 
of fiber in the feed, as measured in the lessened percentage of 
gain made was not so marked between a "2" and a "5" percent 
fibered ration; but when over a "5" percent fibered ration was 
fed, the ration was lessened in value from 1.44 to 3.68 percent 
for each additional percent of fiber. 
In series B, the high fiber content of Lot V, the oat hull lot, 
showed still a more marked depression in these respects when 
compared to Lot I. 
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TABLE XLIV. FIBER FEEDING RESULTS-ANALYSI S 
Fiber in feed (percent) 
Excess fiber over check lot 
(percent) 
I 
(Check 
2.0 
398 .9 
II 
(Alfalfa) 
5 .0 
3.0 
417.7 Feed required for 100 Ibs. gain 
Relative units of feed required 
per unit of gain using lot I 
represented by 100 as check 100.00 104.7 i 
Extra units of feed required per 
unit of gain as compared to 
lot I check 
Extra units of feed required per 
each additional percent of 
fiber over check lot I 
Excess feed required for 100 lbs. 
gain over check lot (pounds) 
Excess feed required for 100 lbs . 
gain for each exira percent of 
fiber in ration over check lot 
(pounds) 
Gain made per 100 lbs. feed fed 
each lot (pounds) 
Relative value of feed in pro' 
ducing gain using lot I as 
check (percent) * 
Decrease in productive efficiency 
of the rations carrying more 
than 2% fiber as in check lot 
(percent) 
4.7 
1.57 
18.8 
6.27 
25.07 23.94 
100.00 95.49 
4.51 
Depressing effect of each addi· 
tional percent of fiber in the I I 
feed as measured in the les· 
sened percentage of gain mad. I 
when compared to the check 
III 
(Alfalfa) 
7.5 
5.5 
433.2 
108.7 
8.7 
1.58 
34.3 
6.24 
23.08 
92.06 
7.96 
I 
I 
I 
IV 
(Alfalfa) 
10.0 
8.0 
565.3 
141.7 
41.7 
5.21 
166.4 
20.80 
17.69 
70.56 
29.44 
l(oatIuIlS) 
I 
10.0 
8.0 
596.3 
149.5 
49.5 
6.19 
197.4 
24.68 
16.77 
66.89 
33.11 
lot which is taken as the base I 
_~(pe~r~ce~n~t~) ________________ ~ __ ---1-___ ~J, ___ ~~~ __ ~~~ ___ 4~.~1~4 1.44 I 3.68 I 
* Stated differently: "How much gain did 398.9 pounds of feed (the 2% fiber 
lot used as the basal check) produce in each lot! Obviously 398.9 lbs . feed in check 
lot I, low fiber (20/0) produced 100 lbs. gain . Then to find the gain from 398.9 
lbs. of feed in lot II, 5% fiber, divide 398.9 lbs. by 4.177 lbs. (amount required for 
1 lb. gain) which equals 95.49 lbs.; and so all." 
TABLE XLV. INFLUENOE OF FIBER IN RATIONS FOR FATTENING HOGS 
(Ten hogs were fed in each lot. All hogs were fed in dry lot. All rations were 
mixed and self·fed. Feeding trial began Dec. 17, 1920.) 
Lot I 
I 
Lot II Lot III Lot IV LotV 
ground ground ground ground 
I~ATION corn 84 corn 76 corn 68 corn 62 
ground alfalfa alfalfa alfalfa oat hulls 
corn 94 meal 10 meal 18 meal 26 32 
tankage 6 tankage 6 tankage 6 tankage 6 tankage 6 
Approximate percentage of fiber I 
\ I in ration 2 5 I 7.5 10 10 Days require d to gain an aver-
age of 120 lbs. per hog 70 66 
I 
66 I 85 
I 
82 
Average initial weight 105.9 105.3 107.1 105.8 105.2 
Average daily gain 1.71 1.82 1.77 1.41 1.47 
Average daily feed 7.32 7.84 8.02 7.56 S.15 
Feed per 100 lbs. gain: 
i corn 401.S 361.7 I 343:9 364.4 343.2 tankage 25.7 25 .S 27.1 32.2 33.2 alfalfa meal 43.1 S1.5 139.3 oat hulls 177.1 Total 427.5 430.6 452.5 535 .9 553.5 
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The data for the second experiment as reported by Vestal are 
rearranged and presented in table XLV. 
Commenting on this data, Vestal, in part, states: 
"These results give further evidence that the high fiber con-
tent of rations is a hindering factor in economical pork produc-
tion. " 
Interpretative table XLVI has the same headings as table 
XLIV; it is prepared by the author from the data of table XLV. 
Discussion of table XLVI: The extra units of feed required 
per unit of gain and the depressing effect are evident as the fiber 
content in the rations increases. 
Table XLVII covers the data, as rearranged by the author, 
of the second part of Vestal 's second experiment. 
TABLE XLFI. "PIBER "PEEDING RESULTS-ANALYSIS 
(Vestal's second experiment) 
-- I II I m l lv l v I Lot No. (Check) (Alfa lfa) (Alfalfa) (Alfalfa) (Oathulls) 
\ \ 
I 
I 
Fiber in feedR (parcent) 2.0 5.0 7.5 I 10.0 10 .0 
I I 
\ Excess fiber over check lot (per· I I 
cent) 
---- I 3.0 I 5.5 I 8.0 I 8.0 
Feed required for 100 lbs. gain 42.75 I 430.6 452.5 I 535.9 I 553.5 
Relative units of feed required I I I 
per unit of gain using Lot I I I 
\ represented by 100 as check 100.0 II 100.7 105.8 I 125.4 129 .5 I I 
Extra units of feed required per I I I unit of gain as compared to I 
check Lot I --_. I .7 5 .8 I 25.4 I 29.5 
I I I Extra units of feed required per I I 
each additional percent of fiber I I I 
over check Lot I ---- I .23 L05 I 3.18 I 3.69 I I I Excess feed required for 100 I I I 
lbs. gain over check Lo: I I 
\ 
I (pounds) ---- I 3.1 I 25.0 108.4 I 126.0 
I I I I 
Excess feed required for 100 I I I [ lbs. gain in each extra p er- I cent of fiber in ration over I I 
check lot (pounds) ---- I L03 I 4.55 I 13.55 I 15.75 
I I 
\ 
I 
Gain made per 100 pounds feed I I 
I 
fed each Lot (pounds) 23.39 I 23.22 I 22 .1 0 1 8.66 1807 Relative value of feed in pro- I : dueing gain using Lot I as I I 
\ check (percent) 100.00 I 99.27 I 94.48 I 
79.78 77.26 
Decrease in productive efficiency I I 
of the rations carryin g more I I I than 2% fiber as in check I 
I I 
lot (percent) ---- I 0.73 I 5.52 20.22 22.74 Depressing effect of each addi· I 
tional percent of fiber in the I I 
feeds as measured in the les- I I I I sened percentage of gain when I \ compared to the check 10: 
\ 
I 
which is taken as the base I I I 
(percent) 0.24 1.00 2.53 2.84 
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TABLE XLVII . INFL UENOE OF FlBER IN RATIONS FOR FATTENING naGS 
(Ten hogs were fed in each lot. All hogs were fed in dry* lot. Feeding trial b o-
ga ll Dec. 1~ , 1920.) 
Lot I Lot IV Lot VI Lot VII_ 
ground ground ground 
corn 68 corn 74 corn 72 
ground a lfalfa alfalfa alfalfa 
corn 94 m eal 26 meal 26 meal 26 
RATION tankage 6 tankag36 tankage 6 
tankage 75 
alfalfa 
meal 25 
I 
Approximate percentage of fib er in I 
ration 2 I 10 10 10 
Days required to gain an average of I 
120 Ibs . p er hog . 70 I 85 80 83 
Average initial weight 105.9 I 105.8 
I 
106.9 106.5 
Average daily gain 1.71 I 1.41 1.41 1.44 
Average daily feed 7.32 I 7.56 7.94 7.72 
I I Feed per 100 Ibs . gain : I 
corn 401. 8 I 364.4 I 
380.9 
I 
385.0 
tankage 25.7 32.2 14.4 10.7 
alfalfa mea l I 139.3 13 8 .6 139.0 
oat hull s I I I Tota l 427.5 I 535.9 I 533.9 534.7 
* R a tions in Lots I, I V and VII were mixed and self-fed. 
Ration in Lot VI was composed of two mixtures, A and B, which were self-fed 
free-choice. 
Ration in Lot VIr has approxim atfi'ly the same nutritive ratio as ration in Lot I. 
A selected quotation from Vestal bearing on table XLVII 
follows: "A study of the results presented in this table shows 
that the gains and the total amount of feed required to produce 
the gains are in relation to the fiber content of the rations rather 
than to the proportions of protein and carbohydrate concentrates 
consumed. The inhibitory influence of the fibrous ingredients 
of the rations is probably due to their displacement of easily 
digested concentrates, which are capable of producing rapid and 
economical gains in fattening hogs. " 
An interpretative table, XLVIII, derived by the author from 
the data of table XLVII, presents material on the same basis as 
found in tables XLI V and XLVI. 
Discussion of ~able XLVIII: Lots IV and VII when com-
pared with Lot I show similar results from the fiber depression 
standpoint, as to the alfalfa lots covered in tables XLIV and 
XLVI. Lot VI, which had access to two mixtures, namely: 
ground corn 74 parts, alfalfa meal 26 parts; and tankage 75 and 
alfalfa meal 25 made practically the same showing as Lot I when 
one takes into account the probable error of the differeiJ.C(3. The 
same was true of Lots IV and VII from the standpoints of extra 
units of feed required per unit of gain and the depressing effect 
of each additional percent of fiber in the feeds. 
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TABLE XLVlII. FlEER FEEDING RESULTS- ANALYSIS 
(Vestal's second experiment-2nd. Part) 
Lot No. 
Fiber in feeds (percent) 2.0 
Excess fiber over Check Lot (percent) 
Feed required for 100 lbs. gain 427.5 
Relative units of feed ~equired per 
unit of gain using Lot I repre-
sented by 100 as Check 100.00 
Extra units of feed required per unit 
of gain as compared to Lot I Check 
Extra units of feed required per each 
additional percen t of fiber over 
Check Lot I 
Excess feed required for 100 lbs. gain 
over Check Lot (pounds) 
Excess feed required for 100 lbs. gain 
for each extra pereen t of fiber in 
ration over Check Lot (pounds) 
Gain made by 100 lbs. feed each Lot 
(pounds) 23.39 
Relative value of feed in producing 
gain using Lot I as Check (per-
cent) 100.00 
Decrease in productive efficiency of 
the rations carrying more than 20/0 
fiber as in Check Lot (percent) 
Depressing effect of each additional 
percent of fiber in the feeds as 
measured in the lessened percent-
age of pig gain when compared to 
lhe Check Lot (percen t) 
IV 
10.00 
8.0 
535.9 
125.4 
25.4 
3.18 
108.4 
13.55 
18.66 
79.78 
20.22 
2.53 
VI 
10.00 
8.0 
553.!l 
124.9 
24.9 
3.11 
106.4 
13.30 
18.73 
80.08 
19.92 
2.49 
VII 
10.00 
8.0 
r.34.7 
125.1 
25.1 
3.14 
107.2 
13.40 
18.70 
7!l.95 
20.05 
2.51 
Relatively more units of feed are required per unit of gain 
as the percentage of fiber in the ration increases. To illustrate, 
a 5 percent fibered ration (see table XLIX) requires 102.7 units 
or 2.7 extra units of feed per unit of gain; a "7.5 percent" 
fibered ration requires 107.2 units or 7.2 extra units; a "10 per-
cent" fibered ration, with alfalfa as the source of fiber requires 
131 units, or 31.0 extra units; and a "10 percent" fibered ration, 
oat hulls supplying the fiber, requires 139.1 units or 39.1 extra 
units of feed. 
The extra units or percent of feed required per each additional 
percent of fiber over that fed in check lot I (see table XLIX) 
are: .90, 1.31, 3.88 and 4.89 as the fiber percentage is increased 
over the check ration by 3, 5.5, 8 (alfalfa) and 8 (oat hulls), 
respectively. 
As the units (relative) of feed required per unit of gain in-
crease, the relative production values of feed in putting on gain 
decrease. From a basal feed value of 100 percent in the check 
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TABLE XLIX. SUMMARY-SHOWING RELATIVE AMOUNTS OF FEED WITH 
DIFFEREN'l' FIBER OONTENT REQUIRED TO PRODUOE 
A UNI T OF HOG GAIN 
Source of 
I! 
ditta, table 
Percent fiber in feeds XLIV 
I) used XLVI 2 5 7.5 10 10 
lIiain fiber source (feed) XLIV \ 
LXVI Alfalfa Alfalfa Alfalfa 1 oat hulls 
Excess fiber over check XLIV I lot (percent) XLVI 3 5.5 8 ~ 
565.3 596.3 
Feed required for 100 XLIII 398.9 417.7 433.2 535.9 553.3 
lbs. gain XLV 427.5 430.6 452.5 535.9 
XLVII 533.9 
534.7 
Total 826.4 848 .3 885. 7 2705.7 1149.8 
Average 413.2 424.2 442.0 541.1 574.9 
Relative units of feed 
required per unit of 
gain using Lot 1 
represented by 100 as 
Check 100 102.7 107.2 131.0 139.1 
Extra units of feed reo 
quired per unit of 
gain as compared to 
Lot I Check 2.7 7.2 31.0 1 39.1 
Extra units of feed reo ,"~L quired per each addi· tional percent of fibeJ over 2% in feedi Check Lot I .90 1.31 
* Corn and Tankage Ch eck. 
** Same as figure above-duplicate of that lot therefore not considered. 
TABLE L. FIBER FEEDING RESULTS-SUMMARY 01" ANALYSIS 
(Covering Vestal's Two Experiments) 
Percen t fiber in feeds used 
lIiain Fiber Source (Feeds) 
Excess fiber over Check Lot I 
Feed required for 100 lbs. gain 
2 
(pounds) 413.2 
.. 
Gain made per 100 lbs. feed fed 
each lot (pounds) 24.20 
Relative value of feed in pro· 
ducing gain, using Lot I rep-
resented by 100 as Check 
(percent) 100.00 
Decrease or produc~ive efficiency 
of the ra.tions carryin g more 
than 2 percent fiber as fed in 
Check Lot (percen t) 
Depressive effect of each addi-
tional percent of fiber in the 
feed as measured by the les· 
sened percentage of gain made 
when compared to Check Lot 
I which is taken as the base 
ercent 
* Corn and Tankage Check. 
5 
Alfalfa 
3 
424.2 
23.57 
97.40 
2.60 
.87 
7.5 
Alfalfa 
5.5 
442.9 
22.58 
93.31 
6.69 
1.22 
10 10 
Alfalfa Oat hulls 
8 8 
541.1 574.9 
18.48 17.39 
76.36 71.86 
23.64 28.14 
2.69 3.52 
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lot (2% fiber) the feed values of the higher fiber rations drop 
to: 97.40 (5% fiber), 93.31 (7.5% fiber), 76.36 (10% fiber) 
and 71.86% (10% fiber) (see table L.) 
The depressive effect of each additional percent of fiber in the 
feed, (above that of the check lots fed the 2% fibered feed) as 
measured by the lessened percentage of gain made per unit of 
feed (see table L) is .87 (5% fiber), 1.22 (7.5% fiber), 2.96 
(10% fiber) and 3.52 (10% fiber, oat hUll). 
When the fiber content of the ration increases from 2 to 10 
percent, we have a marked progressive depression in gains; and 
when the main source of fiber is oat hulls, the depression for 
each unit increment of the 8 excess fiber units averages 3.52 as 
compared to only 2.96 when alfalfa provides most of the fiber. 
Apparently the alfalfa fiber is either less depressive or the nutri-
tional virtues of alfalfa offset to some extent the depressive effect, 
as, for instance, by better balancing amino acids, or higher vita-
min A and D content, or a combination of these. 
During the summer of 1926, a series of swine feeding experi-
ments was conducted at the Iowa Agricultural Experiment 
Station under the direction of the author, from which the results 
of four lots fed different levels of fiber are selected to illustrate 
the depressing effect of fiber in the ration. The average initial 
weight per pig in each lot of five pigs was 49 pounds and the 
average initial age, 70 days. All of the pigs (high grade Poland 
Chinas) were fed alike from weaning time (60 days) until the 
experiment began, getting a self-fed free-choice ration of shelled 
corn, 60 percent protein meat meal tankage and block salt, on 
bluegrass pasture. After the allotment the pigs were carried 
on dirt dry lot until they reached an average final weight of 225 
pounds per pig per lot. The allotment and rations were as 
follows: 
Lot I -CllCck-Self-fed a free-choice ration of shelled corn, mixed in color, mostly 
yellow; plus 54 percent protein-modified trinity mixture A (60 percent protein meat 
meal tankage. 70 ; lin seed oilmeal O.P 'J 25; an d alfa1fa Ineal, 5; total 100 parts, by 
weight); plus s imple "backbone" min eral mixture (flake salt, 20; ground limestone, 
high calcium grade, 39_98; spent bone black, 39.98; and potassium iodide, 0.04; 
total 100 parts, by weight). 
Lot IV-Corn Gluten Feed Addition-Same as I except that Mixture A was mixed 
half and half by weight with corn gluten fEed and self-fed. 
Lot V-Oat Feed, Light Allowance-Same as I except 75 pounds of the Mixture 
A is mixed with 25 pounds of ground oat feed and self-fed in that proportion. 
Lot VI-Oat Feed, Heavy Allowance-Same as I except 50 pounds of Mixture A 
was mixed with 50 poullds of ground oat feed and self-fed. 
Table LI presents a general summary of the experimental re-
sults and table LII tabulates ' the fiber consumption data by 
periods and sub-periods. 
Using Lot I as a check against each of the Lots IV, V and VI, 
the following comments are offered: The fiber in 100 Ibs. feed fed 
in Lot IV, 3.16 Ibs., was only slightly higher, than in the Check 
Lot I, 2.50 Ibs. or .66 pounds per hundred of feed. Lot V had 
12.23 Ibs. of fiber per hundred pounds of ration, or .95 lb. over 
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TABLE LI. RECORD OF GROUPS CONTRIBUTING TO FIBFJR STUD lTiJS 
June 22, 1926, until each lot averaged 225 pounds per pig. 
Five pigs in a lot averaging about 49 pounds at start. 
~----
Averagc I Average daily Feed reqllirC'd daily feed eaten for 100 pounds 
Group gain per pig gaIn 
No. per pig . Feeds u sed lbs. lbs. 
I 
I 
1.61 I Shelled COl'n 4.91 304 Tankage .48 l 29 1 
II 
Li nseed oilmeal .17 .68 11 f ,12 
Alfalfa meal .03 J 2 J ! ~1:inerals .006 5.60 0.39 346 
I 
IV 
I 
1.63 I Shelled corn 4.51 277 Tankage .44 1 27 l Linseed oilmeal .16 10 30 I Alfalfa meal .03 J .63 2 J I Corn glutell feed .62 38 I Minerals .020 5.78 1.25 355 
V I 1.62 Shelled corn 4.85 299 Tankage .46 1 28 1 I 
I 
Linseed oilmeal .16 10 J 40 I Alfalfa meal .03 J .65 2 Oat hulls, ground .22 14 I II Minerals .012 5.73 0.75 354 
VI II 1.52 Shelled corn 4.60 302 rrankage 
.35 1 23 l Linseed oilmeal .13 8 33 I Alfalfa meal .03 f .51 2 J I Oat hulls, ground .50 J 33 I l\1:inerals .021 563 1.41 369 
the check ration. In Lot VI there were 4.68 pounds fiber in 100 
Ibs. feed fed, or 2.18 pounds more than in the check lot I. 
The (A) increased fiber consumed per 100 Ibs. of gain and 
the (B) additional feed required to put on this amount of gain 
by the three Lots, IV, V and VI as compared to the Check Lot 
I, were approximately as follows : 
Total extra "fiberless'J feed required to 
offset the fiber 
Lot No . (A) (B) Per 100 lbs. Per lb. of 
gain made fiber 
Check Lot I Check Chack Check Check 
Lot IV 2.56 9 6.44 2.5 
Lot V 3.58 8 4.42 1.2 
Lot VI 8 .66 ~3 14.34 1.7 
These figures show that it took 2.5, 1.2 and 1.7 Ibs. of feed 
(excluding the fiber requirement) to overcome or offset each 
pound of fiber in the feed required for 100 Ibs. gain. Therefore, 
the fiber had a depressing effect which amounted to more than 
the fiber ingested. Not only was the fiber wasted but the fibel' 
increase caused a loss of other feed nutrients. 
Table LIII shows that a 3.16 percent (corn gluten feed) fiber 
ration was 97.47 percent as efficient as the 2.50 percent fiber 
ration of the check lot; a 3.45 percent fiber ration (but fiber 
largely from oat feed) was 97.75 percent as efficient as th:lt of 
the check lot; and 4.68 percent fiber ration (oat feed fiber pre-
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TABLE LII. FIBER CONSUMP'l']ON DATA 
'-
Average Fiber Fiber Fiber Feed 
daily 
gain 
per 
pig 
Period Lbs. 
I 
Lot I-Check Modified 
June 22--July 22 
July . 22-Aug. 2 1 
Aug. 21-Sept. 20 
Sept 20-0ct 10 
HTr-inity Mixture" 
June 22 to 225 Its. Total period 
Lot IV-Corn Gluten Feed 
June 22-July 22 
July 22-Aug. 21 
Aug. 21-Sept. 20 
Sept. 20-0ct. 10 
June 22 to 225 Ibs. Total period 
Lot V--<Jat Feed, Light 
June 22-July 22 
July 22-Aug. 21 
Aug. 21-Sept. 20 
Sept. 20-0ct. 10 
June 22 to 225 lbs. Total period 
Lot VI-Oat Feed, Heavy 
June 22-July 22 
July 22-Aug. 21 
Aug. 21-Sept. 20 
Sept. 20-0ct. 20 
June 22 to 225 Ibs. Total period 
I 1.273 1.473 I 1.767 2150 
1.614 
1.242 
1.487 
1.947 
2.027 
1.627 
1.218 
1.460 
1.887 
2.130 
1.620 
.902 
1.420 
1.720 
2.173 
1.523 
in 
average 
daily 
feed 
Lbs. 
.09 
.13 
.17 
20 
.14 
.13 
.16 
.21 
.26 
.18 
.14 
.17 
.24 
.27 
.20 
.18 
.23 
.30 
.34 
.26 
I 
in feeds 
reo 
quired 
for 
1001bs . 
gain 
Lbs. 
6.81 
8.98 
10.91 
916 
8.65 
10.28 
11.03 
10.56 
13.00 
11.21 
11.20 
11.98 
12.59 
12.84 
12.23 
20.42 
17.47 
17.72 
15.83 
17.31 
\ 
I 
I 
I 
in reo 
100 qui red 
Ibs. for 
feed 1001bs. 
fed gain 
Lbs. Lbs. 
2.50 I 346 
I 
3.16 355 
3.45 I 354 
I 
4.68 I 369 
I 
TABLE LIlI. SUMMARY-SHOWING RELA'l'IVE AMOUNT OF HOG GAIN 
MADE PER UNIT OF FEED WITH DIFFERENT FlBER CONTENT 
(Data taken from table LII) 
Percent fiber in feeds used 2.50 \ 3.16 \ 3.45 4.68 
Excess fiber source (feeds) 
\ 
Corn glu· II Oat feed \ 
Oat feed 
Check* ten feed light heavy 
Excess fiber over check Lot I ---- I .66 I .95 I 2.18 
Feed required for 100 Ibs. gain 346 I 355 I 354 I 369 
Gain made per 100 lbs. feed fed I I I each lot, pounds 28.90 I 28.17 28.25 27.10 
Relative value of feed in producing I 
I I gain, using Lot I represented by I 100 as check 100.00 I 97.47 97.75 93.77 
Decrease in productive efficiency of I 
I I 
the rations carrying more than 2 I 
percen t fiber as fed in check lot I ( percent) ---- I 2.53 2.25 6 .23 
Depressive effect of each additional I 
I 
percent of fiber in the feed as I 
measured by the lessen ed percen t I 
age of pig gain made when com- I 
pared to check lot I which is I 
taken as the base (l!ercent) ... - I 3.83 I 2.37 2.86 
* Corn grain, ta.nkage, linseed oilmeal, alfalfa mpat and minerals. 
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TABLE LIV. SUMMARY-SHOWING RELA'l'IVE AMOUNTS OF FEED WITH 
DIFFERENT FIBER CONTENT REQUIRED TO PRODUCE 
A UNIT OF HOG GAIN 
(Data taken from table LIT) 
Percent fiber in feeds used 2.50 3.16 3.'15 
\ Corn glu· Oat feed 
Main fiber source (feed) Check* ten feed light 
I 
Excess fiber o'ver check lot (p2rcent) I .66 .95 
I 
Feed I'equired for 100 lbs. gain 346 I 
I 
355 35~ 
Relative units of feed l"equired per I 
unit of gain using Lot I repl'e- I 
sen ted by 100 as check 100 I 102.6 102.3 
Extra nnits of feed required per I 
unit of gain as compared to I 
check Lot I I 2.6 2.3 
I 
Extra units of feed required per I 
each additional percent of fiber 
\ over in feed check Lot I 3.94 I 2.42 
* Corn grain, tankage, linseed oilmenl, alfalfa meal and mineqt]s. 
4.68 
\ Oat feed heavy 
I ,,;'" 
106 .6 
6.6 
3.03 
dominating) was 93.77 percent as efficient. The corresponding 
depressive effect of each additional percent of fiber in the feed 
was 3.83, 2.37, and 2.86 percent, respectively, when compared 
to check Lot I which is taken as the base. 
Table LIV, reviewing the same lots, shows that for each per-
cent of fiber in the ration above 2.50 percent (check lot ), 3.94, 
2.42 and 3.03 extra units of feed were required, respectively, for 
the lots getting rations containing 3.16 percent, 3.45 percent and 
4.68 percent fiber. 
The author noticed the depressing effect of fiber even before 
these experiments were conducted. The following quoted sum-
mary from an unpublished manuscript and class notes (1918) 
generalizes the situation fully: Our greatest swine fattening 
feeds are those that are low in fiber, feeds such as corn grain, 
hulled peanuts, high-grade hominy feed, wheat, rye, barley, skim-
milk, condensed buttermilk, buttermilk powder, tankage and 
such like. All of these feeds run less than 5 percent fiber and 
the best of them, such as milk and its products, have no fiber, or 
very little, and such feeds as corn and wheat, which are excep-
tionally good, have approximately only 2 percent ... the immense 
practical importance of a low-fiber ration for fattening pigs has 
not been emphasized as much as it deserves to date. When the 
writer first came to Ames in 1910, he was impressed with the 
apparent correlation between a fiber increase and the decrease 
in gains and with the corresponding increase in the feed require-
ment per unit gain with fiber increases. Therefore, the author 
since that time has emphasized that for fattening pigs a minimum 
of crude fiber is in order, and has called repeated attention to the 
low percent of fiber in corn grain, the peer of all American hog 
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fattening feeds, considering quantity, quality, and all other im-
portant factors. 
The author has further emphasized the fiber minimum by 
stating: Skimmilk, our greatest natural grain supplement, has 
no crude fiber whatsoever, pure meat has none, tankage has little, 
and these feeds give splendid results in swine husbandry; on the 
other hand, peanut shucks or hulls, corn-cobs and timothy hay, 
with high-fiber content, are naturally poor fattening' pig feeds .... 
The average of all the figures which we have made from a num-
ber of different experiments shows that each extra percent of 
fiber in the ration over and above the practical basis of 2 to 3 
percent shows an increase in the feed requirement of 27 pounds 
and the increase in the number of days required by 12. These 
figures appear, at first thought, to be somewhat exaggerative of 
the undesirable influences of fiber but, on the other hand, it must 
be remembered that these tests were run on young growing pigs 
from weaning time up to the approximate weight of 225 pounds, 
during which time the pigs are not in very good position to 
handle fiber ... for growing and fattening pigs, taking them from 
weaning time to 225 pounds, or approximately thereabouts, we 
suggest the approximate figure of a 5 percent depression in value 
for each percent of fiber added. On the basis of a good ration, 
such as corn and tankage, running approximately 2 to 2% per-
cent fiber, and considered as 100 percent, a 3 percent fiber ration, 
otherwise as good nutritionally, would then be worth 5 percent 
less or 95 percent as much as the 2 to 2% percent fiber ration; 
a 4 percent ration 90 percent as much; a 5 percent ration 85 
percent; a 6 percent ration 80 percent; a 7 percent ration 75 per-
cent; an 8 percent ration 70 percent; an 11 percent ration 55 
percent, a 12 percent fiber ration 50 percent. 
These are suggestive figures, but yet, in the absence of better 
data covering the subject, we believe that they are approximately 
near the truth. . 
To check these generalizations we find that barley, which runs 
about 5 percent fiber, is about 85 percent as valuable as corn. 
This corresponds with the depression figures given for fiber. We 
also note that wheat, which has about the same or a little less 
fiber content than corn, is about of the same value. This, too, 
corresponds with the fiber depression explanation. Oats, which 
has a fiber content of about 10 to 12 percent, is about 50 to 60 
percent as valuable as corn, pound for pound, in the growing 
and fattening of young pigs, which too, corresponds with the 
suggestion as to the percent of discount to make for each percent 
of fiber. 
Other things being equal, I do not believe one will miss it very 
far in figuring that over and above 2 or 3 percent and up to 10 
or 12 percent, every percent of fiber added to a ration decreases 
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its value, as compared to the corn and tankage standard, about 
5 percent when for growing and fattening young pigs, and de-
creases its value 2 to 3 percent for feeding young brood sows. 
THE PROTEINS SHOULD BE ADEQUATE: USE COMPLEMENTARY 
FEEDS 
Good proteins are essential, which means supplying proteins 
of high nutritive quality, those which will meet fully the physio-
logical needs of the animal. The new investigations have clearly 
proven the fundamental reason for the requirement. Cereal and 
other grain proteins must be balanced with proteins that will 
supply the specific amino acids deficient in these grains. Swine 
men have long since appreciated this. Hence the reason why 
tankage, milk, fish meal, alfalfa pasture, clover pasture, rape 
forage and other similarly good protein feeds are so efficient in 
making pigs grow. The better the proteins are in quality, the 
less that will be needed, and the better will be the results secured. 
The suggested feeding standard is based upon a good quality 
protein blend. 
DIGES'L'IBLE NUTRIENT REQUIREMENTS MAY BE DETERMINED 
The crude protein figures and the crude flberless carbohydrate 
equivalent may be used as an estimation for the digestible figures 
covering protein and carbohydrate equivalent. To calculate the 
digestible protein from the crude, one may take 75 percent of 
the estimate given. For example, at 100 pounds average weight 
the requirement would be either .92 pound of crude protein or 
0.69 pound of digestible protein. To convert the crude fiberless 
carbohydrate equivalent to the digestible carbohydrate equiva-
lent, 90 percent may be taken as the factor. Similarly, at 100 
pounds weight the requirement would be either 3.4 pounds of 
fiberless carbohydrate equivalent, or 3.06 of the crude carbo-
hydrate equivalent. The author advises, however, the use of 
the crude figures thruout, emphasizing low fibered feeds. 
THE MODIFIED FREE-CHOICE SYSTEM MAY BE USED 
TO GOOD ADV AN'l'AGE 
The widespread practical success 'of the free-choice system of 
swine feeding has demonstrated beyond doubt its applicability 
to economic production. Self-feeding is after all an efficient 
method for full-feeding, and the free-choice scheme used in the 
modified form is simply a standard method for taking advantage 
of the pig's "inner" knowledge of nutritive requirements. 
Naturally human ingenuity must be continually exercised in 
finding out what feeds and which mixtures of feeds are the most 
desirable to offer in the separate feeders in order to secure opti-
mum results. It has long since been recognized in practice as 
well as in our experiments that the free-choice system must be 
290 
modified, in many situations, so as to reap the largest economic 
profits. Corn oil cake meal, for instance, when self-fed free-
choice style alongside of corn and tankage, is largely shunned 
by the pig, but by mixing it with the tankage, it is of consider-
able value. The same is true of linseed oilmeal, oftentimes of 
soybean oilmeal, wheat middlings and other feeds. Inasmuch 
as the price of feeds alters the economic aspect of pig feeding, 
one must mix the available feeds in respect to economic cost and 
physiological efficiency. If tankage becomes extraordinarily high 
in price and soybean oilmeal or linseed oilmeal extraordinarily 
low, the problem is to mix these feeds so as to secure from as 
small an amount of tankage and as large an amount of the two 
vegetable products mentioned as good physiological results as 
possible, and yet gain thereby the largest economic return. 
By using the standard suggested one may self-feed as well as 
practice the modified free-choice method of feeding to better ad-
vantage than if no standard at all is used and, hence, we believe 
in the use of this suggested standard as a general guide. It is 
simple enough and easily enough put into execution so that it 
may be more widely used than those standards which are based 
upon digestible nutrients and which disregard the fiber as an 
inhibitor. 
In practicing the modified free-choice system of feeding young 
growing and fattening swine, it is well to emphasize that one 
does not learn to play football, or fly an airplane, or to practice 
surgery in an efficient fashion in a single day; neither should 
one expect to learn how to use the free-choice method or the self-
feeding scheme to best advantage in 24 hours. Much is to be 
learned concerning the proper manipulation of the self-feeder, 
the correct selection of feeds, the proper proportionment of these 
feeds in the various mixtures used, the right time to begin the 
full-feeding and various other considerations, which are vitally . 
important in determining the efficiency and economic superiority 
of this feeding system, especially for fattening pigs. 
APPENDIX TABLES 
Reference tables giving the weights, gains and feeding record. 
Data: by 30 days, sub and total periods of the entire investiga-
tion are given in appendix tables LV to LXIV, inclusive. 
TABLE LV. WEIGHTS, GAINS AND FEEDING RECORD 
DATA: BY 30 DAY, SUB AND TOTAL PERIODS, ENTIRE INVESTIGATION 
ALL FIGURES IN POUNDS 
Period 
Group I - Free-Choice 
System (Self-Fed) 
Number of Hogs in Group 
Number of Days in Period 
Total Gain, All Hogs 
Average Weight Per Hog: 
Initial 
Final 
During Period 
Average Daily Gain per Hog 
Feed Consumed, All Hogs: 
Corn, Shelled 
Wheat, Middlings 
Tankage 
Ash, Bone 
Charcoal, Wood 
Salt, Rock 
Total 
Average Daily Feed Consumed: 
Per Hog: 
Shelled Corn 
Wheat, Middlings 
Tankage 
Ash, Bone 
Charcoal, Wood 
Salt, Rock 
Total 
Per 100 Pounds Live Weight 
Feed Required for 100 Pounds Gain: 
Shelled Corn 
Wheat, Middlings 
Tankage 
Ash , Bone 
Charcoal, Wood 
Salt, Rock 
Total 
1915 
July 13 [ Aug . 12/ Sep. 11 
to to to 
Aug. 12 Sep. 11 Oct. 11 
I 
5 
30 
96 
\ 
5 5 
30 30 
152 237 
I 
41.9 I 61.2 61.2 91.6 
50.7 74.8 
0.64 1.01 
231.80 
106.00 
58 .70 
0.05 
0.00 
0.50 
397.05 
11 415.971 104.00 
95.40 
0.05 
I 0.10 0.2':> I 
615.72 I 
I [ 
91.6 
139.0 
115.6 
1.58 
749.62 
71.70 
117.10 
0.20 
0.10 
0.35 
939.07 
j Oct. 11 to 
Nov. 10 
5 
30 
237 
139.0 
186.4 
163.6 
1.58 
918.63 
68.10 
86.60 
0.00 
0.00 
0.05 
1073.38 
1.545 2.7731 4.9971 6.124 
0.707 0.6931 0.478 1 0.454 
0.391 0.636 0.781 0.577 1 
0.000 0.000 I 0.001 0.000 
0.000 0.001 1 0.001 1 0.000 
0.003 0.0011 0.002 0.000 
2.647 4.1051 6.260 \ 7.156 
5.225 5.488 5.417 4 .375 
240.71 273.66 II 316.30 1387.61 
110.07 68.42 I 30.25 28.73 
eO.96 62.76 49.41 36.54 
0.05 0.03 0.08 0.00 
0.00 0.07 I 0.04 I 0.00 
0.52 0.13 0.15 0.02 
412.31 405.08 396.23 452.90 
Nov. 10 
to 
Dec. 10 
5 
30 
184 
186.4 
223.2 
205.4 
1.23 
893.51 
60.50 
38.95 
0.35 
0.80 
0.20 
994.31 
5.9.571 
0.403 1 
0. 260 1 0.002 
0005 
0.001 
6.629 
3 .227 
485.60 
32.88 
21.17 
0.19 
0.43 
0.11 
540.39 
Dec. 10 
to 
J an. 9 
.. 5 
30 
147 
223.2 
252.5 
237.6 
0.98 
811.86 
7.50 
24.00 
0.10 
0.90 
0.15 
844.51 
5.4] 2 
0.050 
0.160 
0.001 
0.006 
0.001 
5.630 
2.370 
554.17 
5.12 
16.38 
0.07 
0.61 
0.10 
576.46 
1916 
Jan. 9 
to 
Feb. 8 
to to to to I 
Mch. 9/ July 13 1 Jan. 9/ July 13 
9 Mch. 28 Jan. 9 Mch. 28 Mch. 28 
Feb. 8 
to 
Mch. 
5 
30 
78 
252.2 
2fi8.1 
259 .9 
0.52 
683.24 
14.80 
21.75 
0.05 
3.00 
0.15 
722.99 
5 
30 
140 
268.1 
296.0 
281.9 
0.93 
742.92 
12.40 
24.90 
1.20 
e.95 
I 0.00 
1 788.37 
I 
I I 
4.555 1 4.953 1 
0.099 1 0.083 
0.1451 0.166 1 
0.000 0.008 
0.020 1 0.046 
0.001 0.000 
4.820 5.256 
1.8551 1.865 
I 
878.20 I 531.80 
19.02 8.88 
27.96 17.82 
3.86 4.97 
0.19 0.00 
1 1 
5 I 5 5 I 5 19 180 79 259 
57 11053 275 1327 
I 
296.0 41.9 252.5 41.9 
307.4 252.5 307.4 307.4 
302.8 141.3 278.6 183.1 
0.60 1.17 0.70 1.03 
431.05 4021.38 1857.21 5878.59 
13.45 417.80 40.65 458.45 
11.35 420.75 58.00 478.75 
0.30 1 0.75 1.55 2.30 
1.75 1.90 11.70 13.60 
0.00 1.45 0.15 1.50 
457.90 4864.04 11969.26 16833.29 
4.53711 4.468 1 4.702\ 
0.142 0.464 0.103 
0.119 1 0.468 1 0.1·17 
.0.003 1 0.001 0.004 1 
0.018 1 0.002 0.030 \ 0.000 0.002 1 0.000 
4.820 5.4041 4.985 
1.646 3.826 1.790 
I 
754.90 381.97 676.331 
23.56 39.68 14.80 
19.88 39.96 21.12 
0.53 0.07 0.56 
3.06 0.18 4.26 
4.539 
0.354 
0.370 
0.002 
0.011 
0.001 
5.277 
2.881 
442.87 
34.54 
36.07 
0.17 
1.02 
0.12 
0.06 \ 0.86 
929.29 564.33 
0.00 0.14 0.01 I 
1~01.9~ 462.01 717.14 514.79 
~ 
<0 
.... 
Period 
TABLE LVI. vYEIGHTS, GAINS AND FEEDING RECORD 
DATA: BY 30 DAY, SUB AND TOTAL PERIODS, ENTIRE INVESTIGATION 
ALL FIGURES IN POUNDS 
1915 1916 
July 13J Aug. 121/ Sep. 11 I Oct. 11 [ Nov. 10 I' Dec. 10 J an. 9 [ F eb. -;-) Mch. 9/ July 13/ J an. 9/ July 13 
to to · to to to to to to to to to to .-~- Aug. 12 1 Sep. 11 I Oct. 11 I Nov. 10 I Dec. 10 I J an. 9 Feb. 8
1 
Mch . 9 I Mch . 28 J an. 9 I Mch. 28
1 
Mch . 28 
Group II- Free-Choice I I I I I 
System (Hand-fed three times / I I I / 
daily) I I I I \ I I Number of Hogs in Group 5 5 5 5 5 5 5 5 5 5 5 5 
Number of Days in Period 30 30 I 30 30 30 30 30 30 / 19 180 I 79 259 
Total Gain, All Hogs 96 ) 171 1 220 1 238 181 140 122 143 I 77 11046 I 342 11388 
Avel'age Weight Per Hog: I \ I I I 
Ini tial 4 1.9 I 61.0 I 95.2 1139.2 1 186.8 I 223.0 2H.0 275.5 I 304.0 41.9 251.0 I 41.9 
Final 61.0 95.2 139.2 186.8 223.0 I 251.0 275 .5 304.0 319 .4 251.0 319.4 319.4 
During Period 51.3 77.3 116.3 165.0 205.9 237.3 264.0 289.3 311.3 142.2 285.0 185 .7 
Average Daily Gain pel' Hog 0.64) 1.14 ) 1.47 1. 59 1.21 1 0.93 0.82 I 0 .95 1 0.81 1.16 0.87 1.07 
Feed Consumed. All Hogs: 
Corn, Shelled 265.941428.10 / 727.73 I 922.50 I 806.37 I 767. 81 752.17 838.5 1 441.93 3918.47 2032.62 5951.08 
Wheat, Middlings 11 6.00 131.20 94.60 I 72.20 1 66.40 / 42 .90 16.20 6.30 4.45 523.30 26.95 550.25 
Tankage 73.00 100.55 / 125.55 88 .1 5 50 .50 53.65 21.40 1 9.00 9 .30 491.40 48.70 540.10 
Ash, Bone 0. 10 0.20 0.00 I 0.00 0.00 1 0.00 0.00 0.10 0.20 0.30 0.30 0.60 
Charcoal, Wood 0.00 0.75 I 0.00 0 .00 0.25 0.00 0.35 7.45 2 .1 0 1.00 9.90 10.90 
Salt, Rock 0.20 0.05 I 0.25 0.20 I 0.10 0.05 0.15 0.00 0.00 0.85 0.15 1.00 
Total 455.24 ) 660.85 I 948.1311083.05 I 923.62 804.41 790.27 870.36 / 457 .98 4935 .30 12118.62 7053.93 
Average Daily Feed Consumed: I I I 1 
Pel' Hog: I I \ I I I I 
Shelled Corn 1.773 2.8541 4.852 6.150 5.3 76 5.119 5.014 5.590 4.652 4.35'1 5.146 4.595 
Wheat, Middlings 0.773/ 0.8751 0.63 1 / 0.48 1 1 0.443! 0.286 0.108 0.042 / 0 .047 1 0.581 0.068 0.425 
Tankage 0.4871 0.6701 0.837 0.588 0.3371 0 .358 0 .143 0 .1201 0.098 0.546 0.123 0 .417 
Ash, Bone 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.0011 0.0021 0.000 0.001 0.000 
Charcoal, Wood 0.000 0.005/ 0.0001 0.0001 0.0021 0.000 0 .002 0.050/ 0.022 0 .001 0.025 0 .008 
Salt. Rock 0.0011 0 .0001 0.002 0 .001 0.001 0.000 0.001 0.000 0.000 O.dOl 0.000 0.001 
Total 3.035 4.406 1 6 .3211 7.220 6.157 5.763 5.268 5.802 4.821 5.484 5 .364 5.447 
Per 100 Pounds Live Weight 5.920 5.7001 5.430 I 4.3701 2.990/ 2.429 1.996 2.0051 1.227 3.857 1.882 2.933 
Fe€d Required for 100 Pounds Gain: I 
Shelled Corn 277.89 250.35 I 330.79 387.61 \ 445.51 I 548.44 615.02 58 7.60 / 573.94 374.72 594.33 428.84 
Wheat, Middlings 121.21 76.73 / 43.00 30.34 36 .69 I 30.64 13.2 5 4.41 5.78 50.04 7. 88 39.65 
T ankage 76.28 58.80 57.07 37.04 I 2 7. 90 38.32 17.50 12.61 / 12.08 46.99 14.241 38.92 
Ash, Bone 0.10 0.12 0.00 0.00 I 0.00 I 0.00 0 .00 0.07 0.26 0.03 0.09 0.04 
Charcoal, Wood 0.00 0.44 I 0.00 0.00 0. 14 O.OJ 0 .29 5 .22 \ 2.73 0 .10 2.89 0.79 
Salt, Rock 0.21 0.03 I 0 .11 0 .08 0.06 0.04 0.12 0.00 0.00 0.08 0.04 0.07 
Total 475.69 386.46 I 430.97 / 455.06 I .0; 10.29 I 617.44 646.17 609.92 I 594.78 471.96 619.48 508.32 
"" <0 
"" 
TABU; LVII. w.l~aGHTS, GAINS AND ~'EEDING RECORD 
DATA: BY 30 DAY, SUB AND TOTAL PERIODS, E1'<TIRE INVESTIGATION 
ALL FIGURES l~ POUNDS 
1915 1916 
Period 
July 13[ Aug. 12 [ Sep. 11 I Oct. 11 I Nov. 10 I Dec. 10 I Jan. 9 1 Feb: 8/ Mch. 9 ' / July 13 / Jan. 91 July 13 
to to to to to to to to to to to to 
Aug. 12 Sep. 11 Oct. 11 Nov. 10 Dec. 10 Jan. 9 Feb. 8 Mch. 9 ' Mch. 28 Jan. 9 Mch. 28 Mch. 28 
Group III- Fl'ee-Chdice I I I 1 I / / / 1 
System ' (hand-fed two times I 1 I I I I I I 
daily) 1 I I I I I I I 
Number of Hogs in Group 5 \ 5 I 5 I 5 I 5 5 5 I 5 I 5 1 5 I 5 I 5 
Number of Days in Period 30 30 I . 30 I 30 I 30 30 30 1 . 30 I 19 180 I 79 1 259 
Total Gain, All Hogs 71 1 38 I 200 I 212 I 188 174 116 I 178 / 58 / 983 I 352 /1335 
Average Weig ht Per Hog: I 1 I I 1 
Initial 41.6 I 55.8 I 83.4 I 123.4 I 165 .8 203.4 238.2 I 261.4 I 297.0 I 41.6 I 238.2 I 41.6 
Final 55.8 I 83.4 / 123.4 1 165.8 I 203.4 23 8 .2 261.4 I 297.0 I 308.7 238.2 308.7 308.7 
During Period 4 8.4 6 8.3 103.3 144.2 188 .2 219.7 2J9.2 I 278.7 I 303.1 1 128.7 273.4 172.8 
Average Daily Gain per Hog 0.47 1 0.92 1.3;1 1.41 I 1.25 1.16 0.77 I 1.19 I 0.61 1 1.09 1 0.89 1 1.03 
Feed Consumed, All Hogs : I I I I 
Corn, Shelled ' 234 .19 I 348. 72 I 548.90 ! 769.92 'I 846.98 789.38 836.85 I 840.44 I 499.76 13 538.09 12177.05 15 715.14 
Wheat, Middlings 107.50 117.70 I 108.50 I 104.05 111.49 71.88 3 7.63 I 51.81 1 8.81 I 621.12 / 98.25 719.37 
Tankage 52.00 I 93.35 I 121.15 1 107.90 49.90 41. e3 22.56 I 23.44 11.06 1 465.93 57.06 522.99 
Ash, Bone 0.20 0 .10 I 0.10 0.00 I 0.59 0.13 0.00 I 0.13 I 0.25 1.12 I 0.38 I ] .50 
Charc0al, Wood 0.00 0.10 I 0.05 I 0.10 I 0.48 0.19 0.00 I 0.50 I 2.00 0.92 I 2.50 1 3.42 
Salt, Rock 0.20 0.00 I 0.45 0.05 I 0.11 0.06 0.19 I 0.00 I 0.13 0.87 0.32 1.19 
Total 394.09 559 .97 I 779.1 5 I 982.02 11009.55 903.27 89 7.23 / 916.32 I 522 .01 14628.05 12335.56 16963.61 
Average Daily Feed Consumed: I I I · I 
Per Hog: I I 1 1 I I I I 
Slielled Corn 1. 561 1 2.3251 3.659 5.133 5.647 5.263 5.5791 5.603 1 5.261 1 3.9311 5.5121 
Wheat, Middlings 0.717 0.7851 0.723 1 0.693 1 0.743 1 0 .479 0.251 1 0.345 1 0.093 1 0.690 1 0. 249 1 
Tankage 0.347 0.622 1 0.80 81 0.719 1 0.33 3 1 0.278 0.150 1 0.156 1 0.116 0.518 / 0.144 
Ash, Bone 0.001 1 0.001 1 0.000 1 0.000 1 0.004 1 0 .001 0.000 0.001 1 0.003 0.001 0.001 1 
Charc0al, Wood 0.000 0.001 1 0.000 1 0001 1 0.003 / 0.001 O.UOO I 0.003 1 0.02] 1 0.001 / 0.006 1 
Salt, Rock 0.001 1 0.000 1 0.003 0.000 1 0.001 0.000 0.001 1 0.000 1 0.001 1 0.001 0.001 1 
Total 2.6271 3.7331 5 .1941 6.547 1 6.730 1 6 .022 59821 6.109 1 5.495 1 5.142 1 5.913 
Ppr 100 Pounds Live Weight 5.424 5 .46 8 5.030 4.542 1 3.5 76 1 2.741 2.400 1 2.1921 1.81 31 3.996 1 2.163 1 
Feed Required for 100 Pounds Gain: 1 I I I 1 
Shelled Corn 329.85 I 252.70 I 274.45 1 363.17 I 450.52 I 453.67 721.42 I 472.16 I 857.22 I 359.93 I 617.95 I 
Wheat, Middlings 151.41 I 85.29 I 54.25 49.08 I 59.30 / 41.31 22 .44 29.11 I 15.11 I 63.19 I 27.89 I 
Tankage 73.24 , 67.64 I 60.58 50.90 / 26.54 23.93 19.45 13.17 I 1 8.97 I 47.40 1 16.20 I 
Ash, Bone 'l.28 I 0.07 I 0.05 I 0.00 0.31 I 0.07 0.00 0.07 I 0.43 I 0 .11 0.11 1 
Cn.~rc'al, Wood 0.00 I 0.07 I 0.03 I 0.05 I 0.26 I 0 .11 - 0.00 0.28 I - 3.43 1 0.09 I 0.71 
Salt, Rock 0.28 I 0.00 I 0.23 I 0.02 I 0.06 I 0 03 0.16 I 0.00 I 0.22 I 0.09 I 0.09 I 
Total 555.06 I 405.78 I 389.58 I 463.22 I 536.99 I 519.12 773 .4 7 I 514.19 I 894.39 I 470.81 I 662.95 I 
4.413 
0.555 
0.404 
0.001 
0.003 
0.001 
5.377 
3.112 
428 .00 
53.87 
39.17 
0.11 
0.26 
0.09 
521.50 
M 
'" '-" 
TABLE LVIII. WEIGHTS, GAI='IS AND ~'EEDING RECORD 
DATA: BY 30 DAY, SUB AND TOTAL PERJODS, ENTIRE INVESTIGATION 
ALL FIGURES IN POUNDS 
Period 
Group IV-Dietrich or Illinois 
System (hand-fed two times 
daily) Water at free will allowed 
Number of Hogs in Group 
Number of Days in Period 
Total Gain, All Hogs 
Average Weight Pel' Hog: 
Initial 
Final 
During Period 
Average Daily Gain per Hog 
Feed Consumed, All Hogs: 
Corn, Shelled 
Wheat, Middlings 
Tankage 
Ash, Bone 
Charcoal, Wood 
Salt, Rock 
Total 
Average Daily Feed Consumed: 
Per Hog: 
Shelled Corn 
Wheat, Middlings 
Tankage 
Ash, Bone 
Charcoal, Wood 
Salt, Rock 
Total 
Per 100 Pounds Live Weight 
Feed Required for 100 Pounds Gain: 
Shelled Corn 
Wheat, Middlings 
Tankage 
Ash, Bone 
Charcoal, Wood 
Salt, Rock 
Total 
1915 1916 1--.-----.------.-----,-----,----, 
July 13 1 Aug. 121 Sep. 11 I O'ct. 11 I Nov. 10 I Dec. 10 Jan. 91 Feb. 8/ Mch. 9/ July 13 1 Jan. 9 I July 1 
to to to to to to to to to to to to 
Aug. 12 Sep. 11 I O'ct. 11 Nov. 10 Dec. 10 Jan. 9 Feb. 8 Mch. 9 Mch. 28 Jan. 9 Mch. 281 Mch. 28 
5 
30 
73 
I I I 1 I I i I 
I / I I I 
1
55551555155 
30 30 30 I 30 / 30 30 30 19 1 80 
I 104 157 245 194 I 150 B7 167 I 67 I 923 
41.7 I 56.4 77.2 108.6 1 15 7.6 1196.4 226.4 265.9 1 56.4 77.2 108.6 157.6 196.4 226.4 265.9 299.2 
48.1 66.2 93.5 134.2 176.7 211.6 245.9 283.8 
0.49 / 0.69 1.05 1.63 1.29 1.00 1.32 1.11 
299.2 
312.7 
206.8 
0.71 
239.15 
53.00 
55.00 
0.10 
0.00 
0.00 
347.25 
1.594 
0.353 
0.367 
0.001 
0.000 
0.000 
2.315 
4.814 
326.26 
72.31 
75.03 
0.14 
0.00 
0.00 
473.74 
334.73 
77.00 
66.00 
0.20 
0.10 
0.00 
478.03 
2.232 
0.513 
0.440 
0.00] 
0.001 
0.000 
3.187 
4.814 
I 
321.86 1 74.04 
63.46 
0.19 
0.10 I 0.00 
459.64 
507.83 
100.00 
97.00 
0.00 
O.lS 
0.25 
705.23 
3.386 
0.667 
0.647 
0.000 
0.001 
0.002 
4.702 
5.029 
323.46 
63.69 
61.78 
0.00 
0.10 
0.16 
449.19 
755.43 
121.60 
122.60 
0.00 
0.00 
0.55 
999.68 
5.036 
0.811 
0.817 
0.000 
0.000 
0.000 
6.665 
4.966 
308.34 
49.63 
50.04 
0.00 
0.00 
0.02 
408.03 
941.97 
40.14 
43.14 
0.35 
0.25 
11026.1 5 I 0.30 i 
6. 280 1 0 268 
0.288 
0.002 
g:gg~I' 6.841 
3.871 
4R5.55 
20.69 / 
22.24 
0.18 
0.13 
0.15 
528.94 
843.43 
16.61 
15.34 
0.00 
005 
0.55 
875.98 
858.80 
87.70 
39.60 
0.10 
0.55 
0.70 
987.45 
5.623 1 5 .725 / 
0.111 0.585 
0.102 1 0.264 
0.000 0.001 
0.000 0.004 
0.004 0.005 
5.840 6.583 
2.760 1 2.6781 
562.29 ·135.28 
11.07 44.45 
10.23 20.07 
0.00 0.05 
0.03 0.28 
0.37 0.35 
884.90 
58.60 
12.80 
0.05 
3.15 
0.15 
959.65 
1 
I 
I 
I 
5.899/ 
0.391 
0.085 
0.000 
0.021 
0.001 
e.397 
2.254 
494.08 
13.70 
7.40 
0.00 
2.45 
0.00 
517.63 
5.201 
0.144 
0.078 
0.000 
0.026 
0.000 
5.449 
1.776 
530.83 734.15 
35 .15 20.36 
7.68 11.00 
0.03 0.00 
1.89 3.64 
0.09 0.00 
583.99 5')0.48 l 575.67 769.14 
41.7 
226.4 
121.7 
1.03 
3622.54 
408.35 
399.08 
0.65 
0.55 
1.15 
4432.32 
4 .025 
0.454 
0.443 
0.001 
0.001 
0.001 
4.925 
4.046 
392.35 
44.23 
43.22 
0.07 
0.06 
0.12 
480.05 
5 
79 
431 
226.4 
312 .7 
2 74.9 
1.09 
2237.78 
160.00 
59.80 
0.15 
6.15 
0.85 
2464.73 
5 .665 
0.405 
0.151 
0.000 
0.016 
0.002 
6.240 
2.270 
518.85 
37.10 
13.87 
0.03 
1.43 
0.20 
571.47 
5 
259 
1355 
41.7 
312.7 
168.4 
1.05 
5860.31 
568.35 
458.88 
0.80 
6.70 
2.00 
6897.04 
4.525 
0.439 
0.354 
0.001 
0.005 
0.002 
5.326 
3.162 
432.62 
41.96 
33.87 
0.06 
0.49 
0.15 
509.16 
"" :e 
TABLE LIX. WEIGHTS, GAINS AND FEEDING RECORD 
DATA: BY 30 DAY, SUB AND TOTAL PERIODS, ENTIRE INVESTIGATION 
ALL FIGURES IN POUNDS 
Period 
Group V-Dietrich or Illinois 
s,y.tem (hand-fed two times 
daily) Water allowed as per 
standard 
Number of Hogs in Group 
Number of Days in Period 
Total Gain, All Hogs 
Average Weight Per Hog: 
Initial 
Final 
During Period 
Average Daily Gain per Hog 
Feed Consumed, All Hogs: 
Corn, Shelled 
Wheat, Middlings 
Tankage 
Ash, Bone 
Charcoal, Wood 
Salt, Rock 
Total 
Average Daily Feed Consumed: 
Per Hog: 
Shelled Corn 
Wheat, Middlings 
Tankage 
Ash, Bone 
Charcnal, Wood 
Salt, Rock 
Total 
Ppr 100 Ponnds Live Wei".ht 
Feed Required for 100 Pounds Gain: 
Shelled Corn 
Wheat, Middlings 
Tankage 
Ash, Bone 
Charc"al, Wood 
Ralt, Rock 
Total 
July 13 1 Aug. 121 
to to 
Aug. 12 Sep, 11 
5 
~O 
70 
41.8 
55.8 
48.0 
0.47 
233.99 
48.92 
54.81 
0. 15 
0.00 
0.20 
338.07 
I 
I 
1.5601 
0.326 1 0.365 
0.001 1 0.000 
0,001 1 2.254 
4. 6951 
334.2 7 I 
69 .89 
78.30 I 0.21 
0.00 
0.29 I 
482.96 
5 
30 
117 
1 
1 
I 
I 
1 
I 
55.8 1 79.2 
66.4 
0.78 
335.72 
77.00 
67.00 
0.05 
0.30 
0.10 
480.17 
I 
I 
I 
I 
I 
I 
2.2381 
0.5131 
0.4471 
0.0001 
0.0021 
0.001 1 3.201 
4.8191 
286.94 
65.81 
57.27 
0.04 
0.2f> 
0.09 
410.40 
I 
I 
1 
I 
I 
I 
1915 
Sep, 11 
to 
Oct, 11 
5 
30 
156 
79.2 
110.4 
. 94 .1 
1.04 
510.83 
100.00 
96.00 
0.00 
0.00 
0.20 
707.03 
1 
I 
3.4061 
0.6671 
0.6401 
0.0001 
0.0001 
0.0011 
4.714 1 5.011 
327.46 I 64.10 
61.54 
0.00 I 
0.00 
0.13 I 
453.22 I 
Oct. 11 1 Nov. 10 
to to 
Nov. 10 Dec. 10 
5 
30 
208 
110.4 
152.0 
131.9 
1.39 
718.55 
119.70 
117.70 
0.00 
0.00 
0.05 
956.00 
I 
4.7901 
0.7981 
0.7851 
0.0001 
0.0001 
0.0001 6.373 
4.831 
345.46\ 57.55 
56.59 
0.00 I 
0.00 I 0.02 
459.62 
5 
30 
178 
152 
187.6 
170.4 
1.19 
879.24 
38.00 
39.01 
0.00 
0.60 
0.10 
956.95 
• I 
1 
5.8621 
0.2531 
0.2601 
0.0001 0.004 
0.001 
6.3801 
3.7441 
493.96 1 21.35 
21.92 
0.00 
0.34 I 
0.06 
537.61 I 
Dec. 10 
to 
.Jan. 9 
5 
30 
145 
187.6 
216.6 
203.2 
0.97 
807.63 
14.80 
15.31 
0.00 
1.00 
0.40 
839.14 
5.384 
0.099 
0.102 
0.000 
0.007 
0.003 
5.594 
2.753 
556.99 
10.21 
10.56 
0.00 
0.69 
0.28 
578.72 
1916 
Jan, 91 
to 
Feb. 8 
Feb, 81 Mch. 91 July 13 1 Jan~-;-I July 13 
to to to to to 
Mch. 9 Mch, 28 ,J.n. 9 Mch , 28 Mch, 28 
5 
30 
160 
216.6 
248.5 
233.5 
1.07 
I 
I 
I 5 
I 30 I 187 
I 248.5 286.0 
1.25 
I 
I 
I 
I 
I 5 
I 19 I 47 
I 
I 
I 
286.0 
295.4 
292.0 
0.49 
5 
180 
874 
41.8 
216.6 
119.0 
0.97 
5 
79 
394 
216.6 
295.4 
259.4 
1 1.00 
I 
I 25g 
1
1268 
161.8 
0.98 
727.55 
70.25 
67.00 
0.10 
0 .90 
0.00 
1
264.5 
879.85 
I 90.94 41.38 0.06 
5.75 
I 475.63 13485.95 
I 59.63 I 398.42 
I 18.13 389.83 
12083.02 
I 220.82 
1
126.51 
0.16 
8.78 
I 0.00 
12439.29 
1 2~~:~ 
1
5568 .98 
619.24 
516.34 I 0.00 I 0.20 
865.80 I 0.00 1017.98 2.13 I 1.90 I 0.00 1.05 I 555.52 4277.35 
I I I 1 
4.8501 
0.468 
0.447 
0.001 
0.006 
0.000 
5.772 
2. 4721 
455. 57 1 
·13.99 
41.95 
0.06 
0.56 
0.00 I 
542.14 
5.8661 5 .007 1 
0.6061 0.6281 
0.2761 0.1911 
0.0001 0.0001 
0.0381 0.0221 
0.0001 0.0001 
6.7871 5.8481 
2.5661 2.001 
469.75 
48.55 
22.09 
0.03 
3.07 
0.00 
543.59 
I 
11016.30 
I 127.41 
I 38.74 
I 0.00 
I 4.55 
I 0.00 
11187.01 
3.8731 
0.4431 
0.4331 
0.0001 
0.0021 
0.001 1 4 753 
3.994 
398 .85 I 
45.59 I 
44.60 I 0.02 
0.22 
0.12 I 
489.40 I 
I 0.36 10.68 I 1.05 6716.65 
I 
5.273\ 
0.559 1 0.320 
0.0001 
0.022 
0.0001 
6.175! 2.379 
528.95 
56.07/ 32.13 
0.04 
2.23 
0.00 1 
619.42 I 
4.300 
0.478 
0.399 
0.000 
0.008 
0.001 
5.187 
3 .204 
439.26 
48.84 
40.73 
0.03 
0.84 
0.08 
529.79 
I:<) 
<:> 
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TABLE LX. WEIGHTS, GAINS AND E'EEDING RECORD 
DATA: BY 30 DAY, SUB AND TOTAL PERIODS. ENTIRE INVESTIGATION 
ALL FIGURES IN FOUNDS 
Period 
Group VI- Kellner System 
(hand-fed two t imes daily) 
Number of Hogs in Group 
Number of Days in Period 
Total Gain, All Hogs 
Average Weight l'el' Hog: 
Initial 
!<'inal 
During Period 
Average Daily Gain per Hog 
}<'eeJ Consumed, All Hogs: 
Corn, Shelled 
Wheat, Middlings 
~ 'l'ankage 
Ash, Bone 
Charcoal, Wood 
Salt, Rock 
Total 
Average Daily Feed Consumed: 
Per Hog: 
Shelled Corn 
Wheat, Middlings 
Tankage 
Ash, Bone 
Charcoal, Wood 
Salt, Rock 
Total 
Pcr 100 Pounds Live Weight 
Feed Required for 100 Pounds Gain: 
Shelled Corn 
Wheat. Middlings 
Tankage 
Ash, Bone 
Charc~al, Wood 
Salt, Rock 
Total 
1915 
July 13 1 Aug. 121 
to to 
Aug. 12 Sep. 11 
SeP. 11 1 Oct. 11 I Nov. 10 I Dec. 10 
to to to to 
Oct. 11 Nov. 10 Dec. 10 Jan. 9 
I 
1 
I 
5 
30 
91 
5 
30 
114 
I 5 
1 30 139 
I 
41.7 
59.8 
49.4 
0.61 
220.09 
53.25 
79.63 
0.20 
0.15 
0 .00 
353.32 
59.8 I 
82.6 I I· 70.1 I 0.76 I 
I I 
1 324.73 I 75.00 I I 74.00 0 .35 I 
I 0 .55 0.10 I 
474.73 I 
1 i 
1.467 1 2 .1 651 
0.3~51 0.500 I 
0.5311 0.4931 
0.001/ 0.0021 
0.001 0.0041 
2.353 3.1651 
4.769 4.5131 . 
82.6 
110.4 
95.5 
0.93 
411.67 
78.00 
81.00 
0 .1 0 
0 .30 
0.20 
571.27 
2.744 
0.520 
0.540 
0.001 
0.002 1 
0.0011 
3.808 
3.987 
5 
30 
157 
110.4 
141.8 
126.2 
1.05 
522.20 
87.00 
88.00 
0.00 
0.30 
0.05 
697.55/' 
3.481 
0.580 1 0.5 87 
0.0001 
0 .0021 
0.0001 
4. 650 1 3.685 
0.0001 0.001 
242,66 284.85 \ 296.17 332.61 
58.71 I 65.79 I 56,12 55 .41 
87.79 64.92 I 58 .27 56,05 
0.22 0.31 I 0.07 0.00 
0.17 0.48 I 0.22 0.19 
0.00 0.09 I 0.14 0.03 
389.55 I 416.43 I 410.99 444.30 
5 
30 
165 
141.8 
174.8 
157.4 
1.10 
644.90 
93.00 
92.00 
0.00 
0.00 
0.00 
829.90 I 
/ 
4.2991 
0. 620 1 0.613 
0.0001 
ggggil 
5.533 
3.515 
390.85 
~~ : ~g II 0.00 
0.00 
0.00 
502.97 
5 
30 
114 
174.8 
209.6 
192.5 
1.16 
760.12 
99 .30 
98.30 
0.20 
0.10 
0.05 
958.07 
5.067 
0.662 
0.655 
0.001 
0.001 
0.000 
6.387 
3.318 
43585 
5 7.01 
56.50 
0.11 
0.06 
0.03 
!i50.61 
1916 
Jan. 9 
to 
Feb. 8 
I
, Feb. 85::Ch. 9 1 July 13 1 Jan. 9 
to to to to 
Mc". 9 Mc". 28 Jan. 9 Mc". 28 
July 13 
to 
Mch. 28 
1 
I 
5 
30 
192 
I 5 5 30 19 5 5 I 5 180 79 259 
209,6 
248.0 
228.9 
1.28 
II :::,0 110 288.0 
267.1 
1.33 
I 
288,0 
310.0 
299.5 
1.16 
I 840 502 11342 
I 41.7 209.6 I 41. 7 I 209.6 310,0 310.0 
I 115,2 260.4 159,5 
/ 0.93 1.27 1.04 
852.99 
95.35 
19.60 
0.60 
0.80 
0.10 
969.44 
1
883.01 
104.85 
17.10 
0.05 
I, gbg 1011. 71 I 
5.6871 5.8871 
0.6361 0 .6991 
0.131 01141 
0.004 0.0001 
0.005 0.0451 
0.001 1 0 .0001 
6.463 6.7451 
2,824 2,5261 
I 
444.27 I 441.51 I 
49.66 I 52.43 I 
10.21 8.55 I 
0. 31 0.03 I 
0.42 1 3.35 I 
0.05 0.00 I 
504.92 I 50,5.86 I 
525.36 12883 .71 li2261.36 \5145,07 
38.60 I 485.55 I 238.80 I 724,35 
11.30 I 512.931 48.00 I 560,93 
0.00 I 0,85 0.65 I 1.50 
1.90 1.40 9.40 10.80 
0.00 0.40 0.10 0,50 
577.1613884.84/2558.21 16443.15 
5.5301 3.2041 5.725 3,973 
0.4061 0.540 0.605 0,559 
0,119 1 0.5701 0.1221 0.433 
0.0001 0,001 0,0021 0 .001 
0,0201 0.0021 0.0241 0.008 
0.000 0.0001 0.000/ 0.000 
6,0751 4,316/ 6.476 4.975 
2.029 1 3 .747 2 .4871 3.120 
477.60 \ 343.42 I 450,47 1 383.47 
35.09 1 57.82 I 47.57 / 53,99 
10.27 61.08 9.56 41.81 
0.00 / 0.10 I 0,13 I 0,11 
1.73 0.17 1.87 I 0,80 
0.00 I 0.05 0.02 I 0.04 
524.69 I 462.65 509,60 I 4RO.22 
"" <0 0> 
TABLE LXI. WElGHTS. GAINS AN D FEEDING RECORD 
DATA: BY 30 DAY, SUB AND TOTAL PERIODS, ENTIRE I NVESTIGATION 
ALL FIGURES IN POUNDS 
• 1915 1916 
July 13 1 Aug . 12 1 Sep. 11 I Oct. 11 I Nov. 10 I Dec. 10 Jan. 9 1 Feb. 8 / Mch. 9/ July 13 1 Jan. 9 1 July 13 
to to to to to to to to to to to to 
Period Aug. 12 Sep. 11 Oct. 11 I Nov. 10 Dec. 10 Jan. 9 Feb. 8 Mch. 9 April 8 Jan. 9 Apri l 8 April 8 
Group VII- Wolff-Lehmann System I I I 1 I 1 1 (hand-fed two times daily) I 
Number of Hogs in Group 5 5 I 5 5 5 I 5 5 5 1 5 5 5 5 
Number of Days in Period 30 30 I 30 30 30 I 30 30 I 3 0 I 3 0 1 80 I 90 270 
Total Gain, All Hogs 61 84 I 106 13 7 128 150 216 '224 I 202 666 M2 1308 
Average Weight Per Hog : \ I I 1 
Initial 41.6 53.8 70.6 91.8 119.2 1 144.8 174.8 218.0 I 262.8 41.6 174.8 41.6 
Final 53 .8 70.6 I 91.8 119.2 144.8 174 .8 218.0 262.8 I 303 .2 174.8 303.2 303 .2 
During Period 47.1 61.0 I 79. 9 105.3 131.0 161.4 197. 8 239.6 I 283 .8 9 7.6 240.4 145.2 
Average Daily Gain per Hog 0.41 I 0.561 0 .71 0.91 0.85 1.00 1.44 1.49 I 1. 35 0.74 1.13 I 0.97 
Feed Consumed. All Hogs: I I I 
CO!'n, Shelled 225.65 \ 271.78 349.57 447.74 I 533 .71 I 641.53 869.5 1 914.95 I 909.15 12469.99 12693 .91 5163.90 
Wheat, Middlings 39.86 47 .00 I 55.00 58.00 I 62.00 1 69.50 78.40 65.30 I 35.10 1 331.36 178 .80 510.16 
Tankage 54.44 46.00 51.00 5 7.00 60.00 67.40 47.00 33 .30 I 36.70 335.841117.00 452.84 
Ash, Bone 0.05 I 0.00 0.05 0.10 0.15 0.05 0.10 0.00 I 0.00 0.40 0.10 0.50 
Charcoal, Wood 0.00 I 1.30 I 0.70 0.20 1 0.00 0.35 0.05 3 .45 I 3 .80 2.55 7.30 9.85 
Salt Rock 0.00' 0.00 0.40 0.00 0.00 0.00 0.00 0.00 0.00 0.40 0.00 040 
ToU;1 320.00 I 366.03 I 456.7 ~ 563.04 I 65 5.861 77 8.83 995.06 j1017.00 I 985.0513140.54 2997.11 6137:65 
Average Daily F eed Consumed: I I I I I I 1 
Per Hog: I I I I 
Shelled Corn 1.5041 1.8121 2.330 2.985 3.558 4.277 5. 797 1 6.1001 6.0631 2.744 1 5 .9861 3.825 
Wheat, Middlings 0.266 1 0 .3131 0.3671 0.3871 0.113 0.463 0.523 1 0.4351 0.234 1 0.368 0.3971 0.378 
Tankage 0.363 1 0 .30 7 1 0.340 0.380 1 0.100 1 0.449 0.313 0.222 1 0.2451 0.373 1 0 .260 0.335 
Ash, Bone 0.000 1 0.000 1 0.0001 0.000 1 0.001 1 0.000 0.001 1 0.0001 0.000 1 0.000 0.000 0.000 
Charcoal, Wood 0.0001 0.0091 0 .005 1 0.001 0.000 1 0.002 0.0001 0.023 1 0.025 1 0.003 1 0.000 0.007 
Salt, Rock 0.000 0.0001 0.003 1 0 .000 0.000 1 0.000 0.000 1 0.000 1 0.000 1 0.000 0.000 0.000 
Total 2. 133 2.441 1 3.0451 3. 7541 4.372 5 .192 6.6341 6. 7801 6.567 3.489 6.660 4 .546 
Per 100 Pounds Live Wei ght 4.529 4.000 1 3.810 1 3 .5661 3 .33 7 1 3.217 3 .3541 2.830 1 2 .3141 3 .5741 2.770 3 .131 
Fe€d Required for 100 Pounds Gain: I I 1 I \ 1 
Shelled Corn 369 .92 I 323.55 I 329. 78 326.82 416.96 427.69 402.55 408.46 450.22 3 70. 8 7 419.61 394.79 
Wheat, Middlings 65 .34 55.95 I 51.89 42.34 I 48.44 46.33 36 .50 29.15 I 17.351 49.75 2 7. 85 39.00 
Tankage 89.251 54.76 48.11 41.61 46.88 44.93 21.76 1 4.87 I 1 8.17 50.43 18.22 34.62 
Ash, Bone 0.08 0.00 I 0.05 0.07 0 .12 0.03 0.05 I 0.00 I 0.00 0.06 0 .00 I 0.04 
Charcoal, Wood 0 .00 l.55 I 0.66 0.15 0.00 0.23 0.02 1.54 I 1.88 0.38 1.14 0. 75 
Ralt, Rock 0.00 0.00 I 0.38 0.00 0.00 I 0.00 0.00 I 0.00 I 0.00 0.06 0.00 0.03 
Total 524.59 435.81 I 430.87 I 410.981512.39 I 519.92 4GO.68 I 454.02 I 487.65 1471.55 I 466.84 I 469.24 
"" 
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TABLE LXII. WEIGHTS, GAINS AND FEEDING RECORD 
DATA : BY 30 DAY, SUB AND TOTAL PERIODS, ENTIRE INVESTIGATION 
ALL ];'IGURES IN POUNDS 
Period 
Group VIII-A Free-Choice 
Determined Mixture (self-fed) 
Number of Hogs in Group 
Number of Days in Period 
Total Gain, All Hogs 
Average Weight Per Hog: 
Initial 
Final 
During Period 
Average Daily Gain per Hog 
Feed Consumed, All Hogs: 
Corn, Shelled (Ground after 
60th Day) 
Wheat, Middlings 
Tankage 
Ash, Bone 
Charcoal, Wood 
Salt, Rock 
Total 
Average Daily Feed Consumed: 
Per Hog: 
Corn, Shelled (Ground after 
60th Day) 
Wheat, Middlings 
Tankage 
Ash, Bone 
Charcoal, Wood 
Salt, Rock 
Total 
Per 100 Pounds Live Weight 
Feed Required for 100 Pounds Gain: 
Corn, Shelled (Ground after 
60th Day) 
Wheat, Middlings 
Tankage 
Ash, Bone 
Charcoal, Wood 
Salt, Roek 
Total 
1915 
July 13 Aug. 12 Sep. 11 O'ct. 11 Nov. 10 j
-_. 
Aug. 1J Sep. 11 O'ct. 11 I Nov. 10 I Dec. 10 to to to to to 
5 
30 
62 
41.5 
53 .8 
46.3 
0 .41 
I 
I 
I 
5 I 5 5 5 
3 0 I 30 30 30 
93 1 137 174 160 
5 3 .8 72 .4 99.8 134.6 
72.4 99.8 134.6 166.6 
61.7 I 82 .9 118 .1 149.6 
0.62 I 0.91 1.16 1.07 
I 
275.37 3 57.31 I 545.76 727.52 722.90 
15.59 20.09 I 30.58 40.02 39.78 
18.71 24.11 I 36.69 48.02 47.73 
0.00 0.05 1 0.00 0.20 0.00 
0.00 0.75 0.40 0.25 1.10 
0.00 0.15 0.25 0.00 0.00 
309.67 i 402.46 I 613.68 1 816.01 811.51 I 
I I I I 
I I I I I 1.836 2 .382 1 3.638 4. 850 1 4.819 
0 .104 0.134 1 0 .204 1 0.267 0.265 
0.12 51 0.161 1 0.245 1 0. 320 1 0 .318 
0.000 0 .000 1 0.000 1 0.001 0.000 
0 .000 0 .005 0.003 0.002 \ 0.007 
0.000 0.001 1 0.002 0 .000 0.000 
2.064 2.683 4.091 5.440 5.409 1 
4.460 4.348 1 4.935 4.607 1 3.616 
446.30 384.20 II 398.37 II 418.11 1\ 451.81 
25.27 21.60 22.32 23.00 24 .86 I 
30.32 25.92 I 26.78 I 27.60 29. 83 
0.00 0.05 I 0.00 I 0 .11 I 0 .00 I 
0.00 0.81 I 0 .29 0.14 O.M 
0.00 0.16 0.18 I 0 .00 0.00 
501.90 4 32.75 I 447.94 I 468.97 I 507.19 I 
Dec. 10 
to 
Jan. 9 
5 
30 
204 
166.6 
207.4 
185.2 
1.3 6 
761.67 
42.02 
50.43 
0.00 
0 .70 
0.10 
854.92 
5.078 
0.280 
0.336 
0.000 
0.005 
0.001 
5.699 
3.077 
373.37 
20.60 
24 .72 
0.00 
0.34 
0.05 
419.08 
J an. 91 
to 
Feb. 8 
5 
3 0 
1 , 9 
207.4 
2 39.3 
222.4 
1.06 
739.76 
34.40 
70.00 
0.10 
0.25 
0.05 
844.56 
I 
I 
I 
I 
I 
I 
4.932 1 0 229 
0.467 
0.001 
0.002 1 000 
5.630 
2.532 
464.38 
21.59 
4 3 .94 
0.06 
0.16 
0.03 
530.17 
I 
1916 
Feb. 8 I Meh. 9 
to to 
Meh. 9 April 8 
July 18 Jan. 91 July 13 
to to to 
.Tan. 9 Ap,.il 8 April 8 
I 
I 
I 
I 
I I I I 
I I 
5 
30 
173 
I 5 
I 30 
I 153 
I 
5 
180 
830 
I 5 / 5 I 90 270 
I 485 11315 
I \ 239.3 
273.8 
254.9 
1.15 
752.45 
47.50 
50.20 
0.00 
1.85 
0.00 
852.00 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
5.ol61 
0.3171 
0.325 1 
0.0001 · 
0.012 1 
0.0001 
5.680 1 
2.2281 
435.70 
27.50 
29.07 
0.00 
1.07 
0.00 
493.34 
I 
I 
I 
I 
I 
273.8 41.5 207 .4 41.5 
304.4 / 207.4 / 304.4 304.4 
289.4 1 107.3 I 255.6 1156.7 
1.02 0.92 I 1.08 0 .97 
I 
727.52 3390.53 12219.73 /5610.27 
33.60 188.08 \ 115.50 303.58 
34.80 225.69 155.00 I 380.69 
0.00 0 .25 0.10 I 0.35 
1.60 3.20 \ 3.70 I 6.90 
0.00 0.50 0 .05 0.55 
797.52 13808.25 2494.08 16302.34 
4.850 1 3 767 \ 4 .93J 4 .15 6 
0.224 / 0.209 1 0.257 / 0.225 
0.232 0.251 0.344 0.282 
0.000 1 0.000 0.000 / 0.000 
0.011 / 0.004 / 0.008 0 .005 
0 .000 0.001 0.000 \ 0.000 
5.317 1 4.231 / 5.542 4.668 
1.837 1 3.944 2.169 2.979 
475.50 1408.65 \ 457.68 426.73 
21.96 I 22.67 I 23.81 23.09 
22 .75 27.20 / 31.96 21.35 
0.00 0.03 0.02 0.03 
1.05 I 0.39 I 0.76 0.52 
0.00 0.06 / 0.01 0.04 
521.25 I 458.99 514.24 479.38 
to<> 
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TABLE LXIII. WEIGHTS, GAINS AND FEEDING RECORD 
DATA: BY 30 DAY, SUB AND TOTAL PERIODS, ENTIHE INVE8TIGATION 
ALL FIGURES IN POUNDS 
1915 1916 
J uly 131 Au g. 12 1 Sep. 11 O'ct. 11 Nov. 10 I Dec. 10 Jan. 9 1 Feb. 81 Mch. 91 July 13 1 J an. 9\ July 13 
to to to to to to to to to to to to 
Period Aug. 12 SeP. 11 O'ct. 11 Nov. 10 Dec. 10 J an. 9 Feb. 8 Mch. 9 Mch . 28 Jan. 9 Mch. 28 Mch. 28 
Group IX- Free-Choice System I 1 I I I 
(self-fed) Buttermilk added, 1 I 
otherwise same as . Group I. I \ 
Number of Hogs in Group 5 5 5 5 5 5 5 5 5 5 5 5 
Number of Days in Period 30 30 30 30 30 30 30 30 19 180 79 259 
Total Gain, All Hogs 116 192 216 211 179 124 137 106 I 64 1037 306 11344 
Average Weight Per Hog: 1 
Initial 41.9 65.0 103.4 146.6 1 188.8 224.6 249.3 276.6 1 297.8 41.9 249.3 41.9 
Final 65.0 103.4 146.6 188 .8 224.6 249.3 276.6 297.8 I 310.6 249 .3 310.6 310.6 
During Period 52 .0 82.7 123.3 168.6 205.7 237.4 261.7 286.0 205.5 145 .0 281.5 186.6 
Average Daily Gain per Hog 0.77 1.28 1.44 1.41 1.19 0.82 0 .91 I 0.71 1 0.67 1.15 0.78 1.04 
Feed Consumed, ALI Hogs: 1 I 1 
Corn, Shelled 243.12 489.70 1 752.72 907.15 1 819.01 783.78 671.831728.99 1 403.31 13995.48 1804.13 5799.60 
Wheat, Middlings 112.20 65.50 34.10 16.50 1 5 .85 5.35 25.05 14.35 1 6.00 239 .50 45.40 284.90 
Tankage 55.40 73.70 66.15 47.00 1 19.50 18.35 19.90 13.70 1 7.30 280.10 40.90 321.00 
(Buttermilk, Nat. Basis) 220.30 300.00 1300.00 300 .00 1300.00 300.00 300.00 300.00 1 190.00 11720.30 790.00 2510.30 
Buttermilk, 10% Moist. Basis 22.07 30.06 30.06 30.06 30.06 30.06 30.06 1 30.06 1 19.04 172.37 79 .16 251.53 
Ash Bone 0.05 0.05 0 .05 0.00 0 .00 0 .00 0.20 I 0.00 1 0.00 0.15 0.20 0.35 
Cha~coal, Wood 0.00 0.20 I 0.60 0 .48 1.92 4.05 6 .15 7.90 1 1.90 7.25 15.95 23.20 
Salt, Rock 0.00 0.10 0.15 0 .03 0.02 0.10 0.05 0.00 I 0.00 0.40 0 .05 0.45 
Total 432 .84 659 .31 I 883.83 1001.22 876.36 841.69 753 .24 795.00 1 437.55 14695 .25 1985.79 6681.03 
Average Daily Feed Consumed: I ! 
Per Hog: 1 1 1 
Shelled Corn 1.621 \ 3 .2651 5.018 6.048 5.460 5.225 4.4791 4.8601 4.245 4.439 4 .567 4.478 
Wheat, Middlings 07481 0.4371 0.227 0.110 0.039 0.036 0.1671 0.0961 0.063 0.266 0.115 0.220 
Tankage 0.369 0.491 0.441 0.313 0.130 0.122 0.133 0.091 0.077 0 .311 0.104 0.248 
(Buttermilk, Nat. Basis) 1.469 2 .0001 2 .000 2 .000 2.0001 2.000 2.000 2.000 1 2.000 1.911 2.000 1.938 
Buttermilk, 10% Moist. Basis 0.1501 0.2001 0.200 0.200 1 0.2001 0.200 0 .200 0.2001 0.200 0 .190 0.200 0.190 
Ash, Bone 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 1 0.000 0.000 0.001 0.000 
Charcoal, Wood 0.000 0.001 0.004 0 .0031 0 .013 0 .027 0.041 0.0531 0.020 0.008 0.040 0.018 
Salt, Rock 0 .000 0.001 1 0.001 0.000 0.000 0.001 0.000 0 .000 1 0.000 0.000 0.000 0.000 
Total 2.890 4.4001 5.890 6 .6701 5.8401 5.610 5 .020 5.3001 4.610 5.220 5.030 5.160 
Per 100 Pounds Live Weight 5.560 5.3201 4 .780 \ 3.9601 2 .840 2.360 1.920 1.8501 1.510 3 .600 1.790 2.770 
Feed Required for 100 Pounds Gain: I 
Shelled Corn 210.13 255.05 348.48 429.93 457.55 634.64 492.18 687.73 I 631.15 385.22 588 .82 431.65 
Wheat, Middlings 96.97 34.11 I 15.79 7. 82 I 3.27 I 4.33 18.35 13.54 I 9.39 23.09 14.82 21.20 
Tankage 47.88 38.39 1 30.63 I 22.27 I 10.89 1 14.86 14.58 12.92 I 11.43 27 .01 13 .35 23.89 
(Buttermilk, Nat. Basis) 190.41 156.25 I 138.89 1142.18 1 167.60 242.91 219.78 283.02 1 297.34 165.86 257.83 186.83 
Buttermilk, 10% Moist. Basis 19.08 15.66 I 13.92 14.25 I 16.80 24.34 22.02 28.36 1 29.80 16.62 25 .84 18 .72 
Ash, Bone 0 .041 0.03 0.02 0.00 0.00 0.00 0.15 0.00 I 0 .00 0.01 0.07 · 0.03 
Charcoal, Wood 0.00 0.10 I 0 .28 I 0.23 I 1.07 3.28 4.51 7.45 I 2.97 0.70 5.21 1. 73 
Salt, Rock 0.00 0.05 0.07 0.01 0.01 0.08 0.04 0.00 0.00 I 0 .04 0.02 0.03 
Total 374.11 343.39 I 409.18 1 474.51 I 489.59 I 681.53 551.82 750.00 I 684.74 I 452.69 648.10 I 497.25 
t-:l 
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TABLE LXIV. WEIGHTS, GAINS AND FEEDING RECORD 
DATA: BY 30 DAY, SUB AND TC'TAL PERIODS, ENTIRE INVESTIGATION 
ALL FIGURES IN POUNDS 
1915 1916 
. . 
July 13 [ Aug . 12 1 Sep. 11 [. Oct. 11 [ Nov. 10 I Dec. 10 J an. 9 1 Feb. 81 Mch. 91 July 13 1 Jan. 9 1 J u ly 13 
to to to to to to to t o to to to to 
Period Aug. 12 Sep. 11 I Oct. 11 I Nov. 10 \ Dec. 10 I Jan. 9 Feb. 8 I Mch. 9 I April 8 Jan . 9 I April 8 I April 8 
Group X- Modified Free-Choice I I 
System (self-fed) Developing I I I I 
Breeding Stock. All Gilts I 1 I , I I 
Number of Hogs in Group 5 5 I 5 5 I 5 I 5 5 5 I 5 5 5 5 
Number of Days in Period 30 30 30 3 0 30 30 30 30 30 180 90 270 
Total Gain, All Hogs 74 158 144 1 1 85 1 159 1 150 117 192 121 8 70 330 119 9 
Aver age W eight Per Hog: I I Initia l ·12.2 5 7.0 88.6 117.4 154.4 186.2 216.1 239.5 I 257.8 42.2 216. 1 42 .2 
Final 57.0 88.6 117.4 154.4 186.2 21ti. 1 239.5 25 7.8 I 282.0 216.1 282.0 282.0 
During Period 49.2 72.2 1 103.0 138.3 171.4 I 200.9 226.4 251.4 268.9 122.5 248.9 1 64.6 
Average Daily Gain per Hog 0.49 I 1.05 I 0.96 1.23 I 1.06 I 1. 00 0.78 0.61 I 0.81 0.97 0.73 0.89 
Feed Consumed, All Hogs: I I 1 1 
Corn, Shelled (Ground after I I \ I 
30th Day) 226. 75 1 292.19\518.05 1 688.59 713.05 1 735.65 713.84 698.86 602.49 3174.2 7 2015.19 51 89.45 
Wheat, Middlings 5 .76 8.86 9 .29 452.70 I 23 .91 476.61 5 .76 8.86 I 9.29 452 .70 2 3 .91 4 76.61 
Tankage 43.80 I 94.50 109.10 I 86.60 64.60 I 56.45 49 .15 42.40 I 47 .50 455.05 139 .05 594.10 
Alfalfa, Ground 21.44 I 28 .35 43.22 49.48 36.32 36.95 35 .18 34. 75 51.45 215.76 121.38 337.14 
Ash, Bone 0.05 0.25 I 0.35 0.00 0.00 0.10 0.75 0.00 I 0.00 0.75 0.75 1.50 
Charcoal. Wood 0.15 1 0.10 I 0.05 0.30 0.70 0.50 0.80 4.00 I 2.40 1.80 7.20 9.00 
Salt. Rock 0.1 0 0 .15 I 0.30 0 .00 0.00 0.05 0.10 0.00 I 0.10 0.60 0.20 0.8~ 
Total 380. 80 543 .80 I 778.19 892 .96 858.00 I 847.19 805.58 I 788 .87 I 71 3 .23 4300.93 2307.68 6608.60 
Average Daily Feed Consumed: I I I 
Per Hog: I 
Corn. Shelled (Ground after \ I I I I 30th Day) 1.512 1.948 3 .454 4.591 4.754 4.904 4.759 4.659 4.017 3.52 7 4.478 3.844 
Wheat. Middlings 0.590 \ 0.853 0.714 0.453\ 0.289 \ 0.117 0,0381 0.0591 0.062 0.503 0.053 0.353 
Tankage 0.292 0.630 0.727 0.577 0.431 0.~76 0 .328 0 .2831 0 .317 0.506 0.309 0.440 
Alfalfa. Ground 0.143 0.1891 0.288 I 0.330 0.242 0.246 0.235 0.232 0.343 0.240 0.270 0.250 
Ash. Bone 0.000 1 0.002 1 0. 002 1 0.000 1 0. 00 0 1 0.001 0.005 0.000 1 0.000 0.001 0.002 1 0 .001 
Charcoal, Wood 0 .001 0.0011 0.000 0.002 1 0.005 0.000 0.005 1 0.027 0.016 0.002 1 0.016 0.007 
Salt, Rock 0.001 0 .001 1 0.002 1 0.000 1 0.000 1 0 .003 0.001 0 .0001 0 .001 0.001 0.000 0.006 
Total 2 .539 3.6251 5.180 5 .953 5. 720 5 .648 5. 371 5.2591 4.755 4 .779 5.128 4.895 
Per 100 Pounds Live Weight 5.1 61 5 .0311 5.037 4 .303 1 3.3381 2 .811 2.3721 2.092 1 1.768 3.901 2 .060 2.973 
Feed R equired for 100 Pounds Gain: I I I 1 I 
Corn, Shelled (Ground after I I 
30th D ay) 306.42 1 184.93 I 35 9.76 3 72.21 I 448.46 492 .07 611.16 762.12 1 497.10 365.07 611 .22 432.72 
Wheat. Middlings 119.61 81.18 74.39 36. 75 2 7.25 11.70 4.93 9 .66 7.67 52.06 7.25 39.74 
Tankage 59 .19 59.81 I 75.76 46.81 40.63 3 7.76 42.08 46.24 39.19 52.33 42.17 49.54 
Alfalfa, Ground 28.97 I 17.94 I 30.01 26.75 22.84 24.72 30.12 1 37 .90 4 2. 4 5 24.81 36.82 28. 11 
Ash, Bone 0.07 I 0.16 I 0.24 0.00 0.00 0.07 0.64 0 .00 0 .00 0 .09 0.00 0.13 
Charcoal, Wood 0.20 0.06 I 0.03 0.16 0.44 0.33 0.68 4.36 1.98 0.21 2.18 0.75 
Salt , Rock 0 .14 0.09 I 0.21 0.00 0 .00 0.03 0.09 0.00 0.08 0.07 0.00 0.07 
Total 514.59 1 344.18 I 540.41 I 482 .68 539.62 566.68 689.71 860.27 I 588 .47 494.64 699.93 551.08 
<:» 
o 
o 
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